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Table 1-Softwood lumber production In Western United States by region, and U,S, softwood 
plywood production, 1970-81 




SOFTWOOD LUMBER 

PRODUCTION 



YEAR 

TOTAL 

SOFTWOOD 

LUMBER 

WESTERN WASHINGTON 

AND 

WESTERN OREGONl 

CALIFORNIA 

REDWOOD 

REGION 

INLAND 

REGI0N2 

U.S. SOFTWOOD 
PLYWOOD 
PRODUCTION^ 

1970 

19,076 

- - Million board feet - 

7,475 2,374 

9,227 

Million sq ft, 
3/8-inch basis 

14,277 

1971 

20,631 

8,283 

2,329 

10,019 

16,635 

1972 

21,830 

8,983 

2,452 

10,395 

18,324 

1973 

22,267 

9,074 

2,629 

10,564 

18,305 

1974 

19,425 

7,777 

2,675 

8,973 

15,878 

1975 

17,773 

7,134 

2,194 

8,445 

16,050 

1976 

20,611 

8.322 

2.500 

9,789 

18,440 

1977 

21,558 

8,796 

2,453 

10,309 

19,677 

1978 

20,780 

8,845 

1,902 

10,033 

19,936 

1979 

20,045 

8.427 

1,838 

9,780 

20,022 

1980 

16,059 

6,815 

1,631 

7,613 

16,573 

1981- 

January 

1,364 

576 

129 

659 

1,540R 

February 

1,325 

562 

132 

631 

1,491 

March 

1,483 

622 

125 

736 

1,618 

Total, 

1st quarter 

4,172 

1,760 

386 

2,026 

4,649R 

April 

1,422 

601 

140 

681 

1,659 

May 

1,390 

576 

130 

684 

1,498 

June 

1,339 

533 

127 

679 

1,523 

Total, 

2d quarter 

4,151 

1,710 

397 

2,044 

4,680 

July 

1,257 

521 

120 

616 

1,437 

August 

1,343 

546 

141 

656 

1,367E 

September 

1,167 

526 

130 

511 

1,296 

iota i , 

3d quarter 

3,767 

1,593 

391 

1,783 

4,100E 

October 

1,246 

533 

130 

583 

1,326 

November 

931 

403 

92 

436 

1,129 

December 

846 

396 

60 

390 

1,134 

lotal. 

4th quarter 

3,023 

1,332 

282 

1,409 

3,589 

1981 total 

15.113 

6,395 

1,456 

7,262 

17,018 

From— 

3d quarter 1981 

-19.8 

“ - - - 4th quarter 1981 

-16.4 

change, 1n 

-27.9 

percent - - - - 

-21.0 

-12.5 

4th quarter 1980 

-25.IR 

-18.4R 

-27.9R 

-29,9R 

-19.4 

From year 1980 

-5.8R 

Year 1981 change, in percent ----- 

-6.2R -10.OR -4.6R 

-2.7 


Source—Western Wood Products Association, Portland, Oregon (western Washington and western Oregon, 
and inland region). National Forest Products Association, Washington, D.C. (California redv/ood region), 
and American Plywood Association, Tacoma. Washington (U.S. softwood plywood data). 

^Includes small amounts of hardwood. 

^Inland region includes eastern Washington, eastern Oregon, California (except redwood region), Nevada, 
Idaho, Montana, Wyoming, Utah, Colorado, Arizona, New Mexico, and a portion of South Dakota. 

^Data for 1974 and 1975 are based in part on sampling. 

R = revised- 
t = estimated. 
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Table 2—Wholesale prices of selected lumber products, 1970-81 
(In dollars per thousand board feet) 


YEAR 

DOUGLAS-FIR 

STD. AND BTR., 

2 BY 4 RL, 

8/12', KD, 

NET, F.O.B. MILL 

PONDEROSA PINE 
BOARDS, NO. 3, 

1 BY 12 RL, KD, 

NET, F.O.B. MILL 

PONDEROSA PINE, 
NO. 2 SHOP 

6/4 RWRL, S2S, 
NET, F.O.B. MILL 

FIR-LARCH 

STD. AND BTR., 

2 BY 4 RL, 
8/20', KD, 

NET, F.O.B. MILL 

SPRUCE-PINE-FIR 

STD. AND BTR., 

2 BY 4 RL, 8/20', 

KD, NET F.O.B. MILL 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981— 

77.00 

104.00 

122.00 

167.00 

137.00 

140.00 

179.00 

213.00 

241.00 

260.00 

205.00 

77.00 

97.00 

140.00 

189.00 

162.00 

144.00 

187.00 

229.00 

263.00 

309.00 

316.00 


120.00 

151.00 

177.00 

233.00 

247.00 

205.00 

318.00 

380.00 

459.00 

496.00 

494.00 

84.00 

108.00 

139.00 

173.00 

136,00 

144.00 

169.00 

202.00 

238.00 

251.00 

200.00 

73.00 

99.00 

133.00 

160.00 

126.00 

124.00 

152.00 

173.00 

209.00 

225.00 

169.00 

January 

February 

March 

Average, 

1st quarter 

204.00 

193.00 

187.00 

331.00 

314.00 

325.00 


571.00 

549.00 

552.00 

201.00 

186.00 

187.00 

163.00 

155.00 

155.00 

194.00 

323.00 


558.00 

192.00 

158.00 

April 

May 

June 

Average, 

2d quarter 

194.00 

184.00 

197.00 

335.00 

326.00 

322.00 


560.00 

525.00 

509.00 

195.00 

185.00 

188.00 

166.00 

171.00 

169.00 

192.00 

328.00 


531.00 

189.00 

169.00 

July 

August 

September 

Average, 

3d quarter 

194.00 

196.00 

186.00 

311.00 

292.00 

284.00 


503.00 

466.00 

431.00 

191.00 

180.00 

168.00 

181.00 

160.00 

143.00 

192.00 

296.00 


467.00 

180.00 

161.00 

October 

November 

December 

Average, 

4th quarter 

176.00 

164.00 

176.00 

271.00 

274.00 

289.00 


395.00 

375.00 

377.00 

165.00 

163.00 

164.00 

161.00 

139.00 

141,00 

172.00 

278.00 


382.00 

164.00 

137.00 

1981 average 

188.00 

306.00 


484.00 

181.00 

156.00 




- - 4th 

quarter 1981 change, 

in percent - — - — - 


From— 

3d quarter 1981 

4th quarter 1980 

-10.4 

-18.1 

-6.1 

-18.7 


-18.2 

-29.5 

-8.9 

-18.4 

-14.9 

-14.4 


— 


— 

Year 1981 change, in 

percent — — -- 


From year 1980 

-8.4 

-3.0 


-1.9 

-9.5 

-7.7 


Source-Random Lengths Publications, Inc. 
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Table 3-Wholesale prices of selected softwood plywood products, 1970-81 
(In dollars per thousand square feet) 


Year 

SHEATHING, WESTERN 
EXTERIOR, 3/a-INCH, 
CD, NET F.O.B. MILL 

SHEATHING, SOUTHERN 
(WEST)l/ EXTERIOR, 
3/8“INCH, CD, 

NET F.O.B. MILL 

SANDED, WESTERN 
INTERIOR, 1/4-INCH, 

AD, NET F.O.B. MILL 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

58.00 

70.00 

96.00 

112.00 

96.00 

103.00 

132.00 

164.00 

178.00 

171.00 

154.00 

58.00 

70.00 

93.00 

100.00 

94.00 

95.00 

125.00 

159.00 

174.00 

156.00 

155.00 

71.00 

81.00 

101.00 

127.00 

140.00 

146.00 

160.00 

183.00 

214.00 

221.00 

210.00 

1981— 

January 

February 

March 

162.00 

153.00 

153.00 

154.00 

146.00 

145.00 

211.00 

208.00 

212.00 

Average, 

1st quarter 

156.00 

148.00 

210.00 

April 

May 

June 

156.00 

151.00 

160.00 

152.00 

146.00 

142.00 

222.00 

210.00 

210.00 

Average, 

2d quarter 

156,OOR 

147.00 

214.00 

July 

August 

September 

154.00 

144.00 

138.00 

139.00 

135.00 

133.00 

204.00 

198.00 

190.00 

Average, 

3d quarter 

145.00 

136.00 

197.00 

October 

November 

December 

130.00 

140.00 

143.00 

127.00 

129.00 

137.00 

184.00 

196.00 

199.00 

Average, 

4th quarter 

138.00 

131.00 

193.00 

1981 average 

149.00 

140.00 

204.00 


4th quarter 1981 change, 

in percent -------- 

From-- 

3d quarter 1981 

4th quarter 1980 

-4.8 

-17.9 

-3.7 

-22.0 

-3.0 

-11.1 



- Year 1981 change, in percent- 

From year 1980 

-3.2 

-9.1 

-2.9 


Source--Randoni Lengths Publications, Inc. 
1/ Texas, Louisiana, Arkansas. 

R = revised. 
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Table 4—Employment in forest products industries in Washington, Oregon, and Alaska, 1970-81 
(In thousands of persons) 

WASHINGTON AND OREGON WASHINGTON 


1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 
1981— 

January 

February 

March 

Average, ~ 
1st quarter 


Average. 

2d quarter 


July 

August 

September 

Average, 

3d quarter 


October 

November 

December 

Average, ~ 
4th quarter 

1981 average 


From— 

3d quarter 


LUMBER AND 
WOOD 

PRODUCTS 


PAPER AND 
ALLIED 
PRODUCTS 


LUMBER AND 
WOOD 

PRODUCTS 


PAPER AND 
ALLIED 
PRODUCTS 


LUMBER AND 
WOOD 

PRODUCTS 


4th quarter 1981 change in employment 


1981 

-14.4P 

-13.3P 

-I.IP 

-4.9P 

-4, IP 

4th quarter 
1980 

-14.8P 

14,OP 

-.8P 

-4.5P 

-3.7P 

From year 1980 

-8.5P 

-8. IP 

-.4P 

-2.8P 

- - - Year 

-2,3P 


Year 1981 change in employment 


PAPER AND 
ALLIED 
PRODUCTS 


LUMBER AND PULP AND 
WOOD ALLIED 
PRODUCTS PRODUCTS 


sSr-SS:=-:s!:=~ 

iBefore 1973, data for the pulp and allied products industry are included in the lumber and wood products industry, 
^Withheld to avoid disclosure. 


R = revised. 


P = preliminary. 
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Table 5--Employment In forest products industries in California, 1970-81 
{In thousands of persons) 


YEAR 

TOTAL 

LUMBER AND WOOD 
PRODUCTS 

PAPER AND ALLIED 
PRODUCTS 

1970 

84.8 

48.1 

36.7 

1971 

86.0 

50.5 

35.5 

1972 

90.3 

52,4 

37.9 

1973 

90.2 

54.1 

36.1 

1974 

88.2 

50.9 

37.3 

1975 

87.3 

52.8 

34.5 

1976 

96.6 

59.9 

36.7 

1977 

104.2 

66.6 

37.6 

1978 

107.1 

69.9 

37.2 

1979 

107.8 

68.7 

39.1 

1980 

101.3 

62.6 

38.7 

1981— 




January 

94.4 

55.9 

38.5 

February 

93.7 

55.3 

38.4 

March 

94.3 

55.6 

38.7 

Average, 




1st quarter 

94.1 

55.6 

38.5 

April 

97.8 

58.6 

39.2 

May 

100.2 

61.2 

39.0 

June 

102.3 

60.9 

39.4 

Average, 




2d quarter 

100.1 

60.9 

39.2 

July 

103.0 

63.9 

39.1 

August 

104.8 

66.2 

38.6 

September 

99.1 

60.3 

38.8 

Average, 




3d quarter 

102.3 

63.5 

38.8 

October 




November 




December 




Average, 




4th quarter 




1981 average 





— 

3d quarter 1981 change in employment - - - 

From-- 




2d quarter 1981 

2.2 

2.6 

-.4 

3d quarter 1980 

-.1 

-.5 

.4 


Source--State of California, Department of Employment. Since April 1974, 
data have been based on place of residence. 
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Table 6—Employment in forest products industries in Montana and Idaho, 1970-81 
(In thousands of persons) 


MONTANA 


1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 
1981— 

January 

February 

March 

Average, 

1st quarter 


Average, 

2d quarter 


July 

August 

September 

Average, 

3d quarter 


LUMBER AND 
WOOD PRODUCTS 


PAPER AND 
ALLIED PRODUCTS 


LUMBER AND 
WOOD PRODUCTS 


PAPER AND 
ALLIED PRODUCTS 


October 

November 

December 

Average, 

4th quarter 

1981 average 


From— 

3d quarter 1981 
4th quarter 1980 


4th quarter 1981 change in employment 


From year 1980 


Year 1981 change in employment 


Source—state employment agencies. Since April 1974, employment data have been based on place of 
100r]O0 • 

^Withheld to avoid disclosing figures for individual companies. 

R = revised. 
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Table 7—Softwood log exports from Washington and Oregon ports, by origin, species, and destination, 1970-81 


(In thousand board feet, Scribner scale) 




FROM BOTH STATES 


FROM WASHINGTON CUSTOMS DISTRICT 


FROM OREGON 

CUSTOMS 

DISTRICT 




PORT- 

ORFORD- 

CEOAR 







PORT- 


YEAR AND 
QUARTER 

TOTAL 

D0UGLA5- 

FIR 

OTHER 

SOFTWOODS 

TOTAL 

DOUGLAS- 

FIR 

OTHER 

SOFTWOODS 

TOTAL 

DOUGLAS- 

FIR 

ORFQRD- 

CEDAR 

OTHER 

SOFTWOODS 

TO ALL COUNTRIES 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

2,216,110 

1,837,173 

2,637,148 

2,639,210 

2,189,367 

2,225,487 

2,737,074 

2,555,615 

2,847,394 

3,233,652 

452,655 

416.453 

767,496 

864,474 

715.514 

765,840 

945,649 

966,763 

1,139,267 

1,309,179 

41,260 

34,390 

36.907 

20,966 

17,481 

24.361 

26,576 

16,721 

24,493 

22,693 

1,722,195 

1,386,330 

1,832,745 

1,753,770 

1.456,372 

1,435,286 

1,764,849 

1,572,131 

1,683,634 

1,901.780 

1,579,185 

1,319,809 

1,907,235 

1,833,293 

1,423,570 

1,427,387 

1,792,944 

1,674,860 

1,915,979 

2,249,963 

308,466 

294,430 

566,487 

555,324 

404,884 

437,290 

527.889 

556,419 

619.500 

732,392 

1,270,719 

1,025,379 

1,340,748 

1,277,969 

1,018,686 

990,097 

1,265,055 

1,118,441 

1,296,479 

1,517,571 

636,925 

517,364 

729,913 

805,917 

765,797 

798,100 

944,130 

880,755 

931,415 

983,689 

144,189 

122,023 

201,009 

309,150 

310,630 

328,550 

417,760 

410,344 

519,767 

576,787 

41,260 

34.390 

36,907 

20,966 

17,481 

24,361 

26,576 

16,721 

24,493 

22,693 

451,476 

360,951 

491,997 

475,801 

437.686 

445,189 

499,794 

453,690 

387,155 

384,209 

1980— 

1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 

827.738 

793,840 

508,640 

501,599 

369,910 

358,563 

265,986 

267,751 

3,440 

4,704 

2,249 

1,907 

454,388 

430,573 

240,405 

231,941 

547,829 

539,841 

309,541 

301,927 

193,213 

189,551 

132,270 

130,039 

354,616 

350,290 

177,271 

171,888 

279,909 

253,999 

199,099 

199,672 

176,697 

169,012 

133,716 

137,712 

3,440 

4,704 

2,249 

1,907 

99,772 

80,283 

63,134 

60,053 

1980 total 

2,631,817 

1,262.210 

12,300 

1,357,307 

1,699,138 

645,073 

1,054,065 

932,679 

617,137 

12,300 

303,242 

1981— 

1st qtr. 

2d qtr. 

3d qtr, 

4th qtr. 

519,222 

485,482 

463,323 

519,132 

251,035 

234,020 

266,596 

265,503 

5,505 

2,868 

4,241 

2,906 

262,682 

248,594 

192,486 

250,723 

333,359 

309,336 

308,510 

364,677 

128,237 

123,833 

160,934 

166,030 

205,122 

185,503 

147,576 

198,647 

185,863 

176,146 

154,813 

154,455 

122,798 

110,187 

105,662 

99,473 

5,505 

2,860 

4,241 

2,906 

57,560 

63,091 

44,910 

52,076 

1981 total 

1,987,159 

1,017.154 

15,520 

954,485 

1,315,882 

579,034 

736,848 

671,277 

438,120 

15,520 

217,637 






TO 

JAPAN 






1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

2,144,332 

1,710,299 

2,391,163 

2,455,485 

1,975,575 

2,014,244 

2,547.037 

2,348,325 

2,521,885 

2,959,726 

430,634 

390,978 

692,308 

822,160 

638,225 

732,264 

901,911 

933,813 

1.103,562 

1,279,177 

41,254 

34,390 

36.907 

20.966 

17,342 

24,361 

24,573 

16,721 

22,814 

20.611 

1,672,444 

1,284,931 

1,661,948 

1,612,359 

1,320,008 

1,257,619 

1,620,553 

1,397,791 

1,395,509 

1,659,938 

1,514,695 

1,197,011 

1,678,846 

1,663,203 

1,237,653 

1,255,817 

1,623,064 

1,496,627 

1,630,247 

1,998,315 

290,158 

271,763 

496,201 

520,373 

341,890 

410,721 

491,451 

526,255 

589,654 

705,921 

1,224,537 

925,248 

1,182,645 

1,142,830 

895,763 

845,096 

1,131,613 

970,372 

1,040,593 

1,292,394 

629.637 
513,288 
712,317 
792,282 
737,922 
758,427 
923,973 
851,698 

891.638 
961,411 

140,476 

119,215 

196,107 

301,787 

296,335 

321,543 

410,460 

407,558 

513,908 

573,256 

41,254 

34.390 

36,907 

20,966 

17.342 

24,361 

24,573 

16,721 

22,814 

20,611 

447,907 

359,683 

479,303 

469,529 

424,245 

412,523 

488,940 

427,419 

354,916 

367,544 

1980— 

1st qtr. 

2d qtr, 

3d qtr. 

4th qtr. 

758,470 

727,929 

460,916 

397,007 

363,052 

352,551 

250,857 

208,947 

3,440 

4,704 

2,249 

1,907 

391,978 

370,674 

207,810 

186,153 

491,160 

481,535 

270,364 

245,435 

189,294 

185,236 

120,840 

107,235 

301,866 

296,299 

149,524 

138,200 

267,310 

246,394 

190,552 

151,572 

173,758 

167,315 

130,017 

101,712 

3,440 

4,704 

2,249 

1,907 

90,112 

74,375 

58,286 

47,953 

1980 total 

2,344,322 

1.175.407 

12,300 

1,156,615 

1,488,494 

602,605 

885,889 

855,828 

572,802 

12,300 

270,726 

1981— 

1st qtr. 

2d qtr. 

3d qtr, 

4th qtr. 

423,412 

408,397 

371,487 

400,645 

221,734 

204,426 

211,146 

209,168 

5,505 

2,849 

4,235 

2,906 

196,173 

201,122 

156,106 

188,571 

252,904 

262,093 

233,483 

254,911 

107,354 

112,936 

117,238 

115,196 

145,550 

149,157 

116,245 

139,715 

170,508 

146,304 

138,004 

145,734 

114,380 

91,490 

93,908 

93,972 

5,505 

2,849 

4,235 

2,906 

50,623 

51,965 

39,861 

48,856 

1981 total 

1,603,941 

846,474 

15,495 

741,972 

1,003,391 

452,724 

550,667 

600,550 

393,750 

15,495 

191,305 
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Table 7—Softwood log exports from Washington and Oregon ports, by origin, species, and destination, 1970-81 (continued) 
(In thousand board fee.t, Scribner scale) 




FROM BOTH STATES 


FROM WASHINGTON 

CUSTOMS DISTRICT 


FROM OREGON CUSTOMS DISTRICT 

YEAR AND 
QUARTER 

TOTAL 

D0UGLA5- 

FIR 

KUKI- 

ORFORD- 

CEDAR 

OTHER 

SOFTWOODS 

TOTAL 

DOUGLAS- 

FIR 

OTHER 

SOFTWOODS 

TOTAL 

POFT-’ 

DOUGLAS- ORFOR0- 
FIR CEDAR 

OTHER 

SOFTWOODS 

TO CANADA 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980— 

27,997 

55,712 

170.582 

72,164 

73,664 

58,506 

48,289 

15,698 

12,638 

24,124 

11,171 

12,332 

43,294 

22,265 

39,060 

16,793 

14,803 

9,531 

9,361 

7,737 

— 

16,826 

43,380 

127,288 

49,899 

34,604 

41,713 

33,486 

6,167 

3,277 

16,387 

27,997 

55,712 

159,359 

72,164 

73,664 

58,506 

48,239 

15,698 

12,638 

24,124 

11,171 

12,332 

43,294 

22,265 

39,060 

16,793 

14,803 

9,531 

9,361 

7.737 

16,826 

43,380 

116,065 

49,899 

34,604 

41,713 

33,486 

6,167 

3,277 

16,387 

11,223 

-• - 

11,223 

1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 

153 

247 

264 

321 

77 

49 

61 

208 

- 

76 

198 

203 

113 

153 

247 

264 

321 

77 

49 

61 

208 

76 

196 

203 

113 

— 

- - 

- 

1980 total 

985 

395 

— 

590 

985 

395 

590 




1981— 

1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 

634 

497 

131 

70 

239 

109 

44 

- 

395 

388 

87 

70 

634 

497 

131 

70 

239 

109 

44 

395 

388 

87 

70 

- 

- 

— 

1981 total 

1,332 

392 


940 

1,332 

392 

940 

- 

— ~ 

- 


TO SOUTH KOREA 


1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980— 

32,336 

63,767 

47,554 

101,929 

137,665 

79,022 

130,069 

187,967 

307,865 

245,314 

5,140 

6,331 

4,419 

15,175 

36,308 

13,946 

26,454 

21,201 

24,844 

20,342 

- 

27,196 

57.426 

43,135 

86,754 

101,357 

65,076 

103,615 

166,766 

283,021 

224.972 

26,839 

62,757 

46.304 

96,680 

111,580 

42,100 

117,007 

162,252 

271,887 

227,072 

3,138 

6,331 

4,419 

12,063 

23,378 

9,100 

21,068 

20,418 

20,426 

18,653 

23.701 

56,426 

41,885 

84,617 

68,202 

33,000 

95,939 

141,834 

251,461 

208,419 

5,497 

1,000 

1,250 

5,249 

26,085 

36,922 

13,062 

25,715 

35.978 

18,242 

2,002 

3,112 

12,930 

4,846 

5,386 

783 

4,418 

1,689 

- 

3,495 

1,000 

1,250 

2,137 

13,155 

32,076 

7,676 

24,932 

31,560 

16,553 

1st qtr. 

2d qtr. 

3d qtr. 

4tb qtr. 

67.479 

59,802 

32,084 

32,022 

5,386 

1,094 

1,861 

3,455 


62,093 

58,708 

30,223 

28,567 

56,375 

53,477 

27,547 

26,589 

3,782 

677 

1,861 

3,229 

52,593 

52,800 

25,686 

23,360 

11,104 

6,325 

4,537 

5,433 

1,604 

417 

zTe 

- 

9,500 

5,908 

4,537 

5,207 

1980 total 

191,387 

11,796 


179,591 

163,988 

9,549 

154,439 

27,399 

2,247 


25,152 

1981— 












1st qtr. 

2d qtr, 

3d qtr. 

4th qtr. 

47,994 

32,727 

27,913 

39,199 

3,781 

2,413 

1,523 

3,202 


44.213 

30,314 

26,390 

35,997 

47,097 

25,052 

22,846 

37.680 

3,279 

1,347 

1,505 

3,200 

43,818 

23,705 

21,341 

34,478 

897 

7,675 

5,067 

1,519 

502 

1,066 

18 

- 

395 

6,609 

5,049 

1.519 

1981 total 

147,833 

10,919 

- 

136,914 

132,675 

9,333 

123,342 

15,158 

1,586 


13,572 






TO MAINLAND 

CHINA 






1980— 












1st qtr. 

— 

— 

_ 









2d qtr. 

3d qtr. 

4th qtr. 

3,584 

14,357 

69,844 

3,584 

13,101 

53,216 

- 

1,256 

16,628 

3,584 

10,733 

28,954 

3,584 

9,508 

18,792 

1,225 

10,162 

3,624 

40,890 

3,593 

34,424 

— 

31 

6,466 

1980 total 

87,785 

69,901 


17,884 

43.271 

31,884 

11,387 

44,514 

38.017 


6,497 

1981— 












1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 

43,381 

40,161 

58,484 

77,211 

23,684 

24,241 

50,247 

51,420 

- 

19,697 

15,920 

8,237 

25,791 

31,378 

21,404 

46,885 

71,112 

16,159 

9,230 

38,648 

47,021 

15,219 

12,174 

8,237 

24,091 

12,003 

18,757 

11,599 

6,099 

7,525 

15,011 

11,599 

4,399 


4,478 

3,746 

1,700 

1981 total 

219,237 

149,592 

- 

69,645 

170,779 

111,058 

59,721 

48,458 

38,534 

- 

9.924 


Source—U.S. Department of Commerce. Oregon Customs District includes all 
District includes all coastal and inland ports in the State of Washington, 
Commerce records at the end of each quarter. 


Oregon ports and Longview and Vancouver, Washington, Washington Customs 
except Longview and Vancouver. Data are compiled from Department of 


9 



Table 8--Value of softwood log exports from Washington and Oregon ports, by origin, species, and destination, 1970-81 
(In thousand dollars) 




FROM BOTH STATES 


FROM WASHINGTON CUSTOMS DISTRICT 


FROM OREGON CUSTOMS DISTRICT 

YEAR AND 
QUARTER 

TOTAL 

DOUGLAS- 

FIR 

PORT- 

ORFORD- 

CEDAR 

OTHER 

SOFTWOODS 

TOTAL 

DOUGLAS- 

FIR 

OTHER 

SOFTWOODS 

TOTAL 

DOUGLAS- 

FIR 

PORT- 

ORFORD- 

CEDAR 

OTHER 

SOFTWOODS 






TO ALL COUNTRIES 






1970 

280,920 

54,109 

13,611 

213,200 

193,476 

37,015 

156,461 

87,444 

17,094 

13,611 

56.739 

1971 

233,304 

49,773 

10,926 

172,605 

162,343 

35,141 

127,202 

70,961 

14,632 

10,926 

45,403 

1972 

368,713 

101,467 

12,089 

245,157 

252,839 

73,175 

179,664 

105,874 

28,292 

12,089 

65,493 

1973 

694,602 

209,417 

15,451 

469.734 

449,902 

120,796 

329,106 

244,700 

88,621 

15,451 

140,628 

1974 

612,521 

194,137 

17,556 

400.828 

364,962 

103,586 

271,376 

237,559 

90,551 

17,556 

129,452 

1975 

603,854 

202,377 

16,758 

384,759 

376,706 

111,919 

264,787 

227,148 

90,418 

16,758 

119,972 

1976 

775,113 

266,523 

20,086 

488,504 

490,246 

141,989 

171,541 

348,257 

284.867 

124,534 

20.087 

140,247 

1977 

826,698 

311,269 

17,049 

498,380 

526,412 

354,871 

300,286 

139,728 

17,049 

143,509 

197B 

992,207 

413,645 

24,923 

553,639 

637,818 

212,305 

425,513 

354,389 

201,340 

24,923 

126,126 

1979 

1980— 

1,408,036 

624,090 

24,419 

831,527 

991,513 

331,874 

659,639 

488,523 

292,216 

24,419 

171,188 

Ist qtr. 

425,175 

192,752 

5,368 

227,055 

276,019 

97,683 

178,336 

149,156 

95,069 

5,368 

48,719 

2d qtr. 

407,304 

186,597 

5,857 

214,850 

273,041 

96,761 

176,280 

134,263 

89,836 

5,857 

38,570 

3d qtr* 

246.182 

130,256 

2,800 

113,126 

149,637 

63,905 

85,732 

96.545 

66,351 

2,800 

27,394 

4th qtr. 

230,197 

125,293 

2.571 

102,333 

136,827 

59,395 

77,432 

93,370 

65,898 

2,571 

24,901 

1980 total 

1,308,858 

634,898 

16,596 

657,364 

835,524 

317,744 

517,780 

473,334 

317,154 

16,596 

139,584 

1981— 

1st qtr. 

233,027 

118,446 

8,158 

106,423 

144,701 

60,167 

84,534 

88,326 

58,279 

8,158 

21,889 

2d qtr. 

220,494 

110,316 

5,765 

104,413 

139,199 

58,033 

81,166 

81,295 

52,283 

5,765 

23,247 

3d qtr. 

206,398 

123,318 

6,201 

76,879 

132,428 

73,126 

59,302 

73,970 

50,192 

6,201 

17,577 

4th qtr. 

223,023 

124,573 

4,787 

93,663 

149.236 

75,521 

73,715 

73,787 

49,052 

4.787 

19,948 

1981 total 

882,942 

476,653 

24,911 

381,378 

565,564 

266,847 

298,717 

317,378 

209,806 

24,911 

82,661 


TO JAPAN 


1970 

273,988 

62,051 

13,608 

208,329 

187,237 

35,294 

151,943 

86,751 

16,757 

13, 

.608 

56.386 

1971 

219,543 

46.966 

10,926 

161,651 

149,120 

32.756 

116,364 

70,423 

14,210 

10, 

,926 

45.287 

1972 

335,703 

94.210 

12,089 

229,404 

231,593 

66,800 

164,793 

104,110 

27,410 

12. 

,089 

64,611 

1973 

664,363 

201,944 

15,451 

446,968 

422,715 

115,022 

307,693 

241,648 

86,922 

15. 

,451 

139,275 

1974 

569,494 

177,961 

17,500 

374,033 

338,296 

90,400 

247,896 

231,198 

87,561 

17, 

,500 

126.137 

1975 

560,754 

195,469 

16,758 

348,527 

341,885 

107,149 

234,736 

218,869 

88,320 

16. 

,758 

113,791 

1976 

734,412 

256,673 

17,918 

459,821 

457,248 

134,894 

322,354 

277,164 

121,779 

17, 

,918 

137,467 

1977 

776,630 

303,248 

17,049 

456,333 

484,006 

164,626 

319,380 

292,624 

138,622 

17, 

,049 

136,953 

1978 

908,627 

404,134 

22,763 

481,730 

566,494 

204.832 

361,662 

342,133 

199,302 

22, 

,763 

120,068 

1979 

1,387,602 

612,160 

22,271 

753,171 

910,338 

323,034 

587,304 

477,264 

289,126 

22, 

,271 

165,867 

1980— 













1st qtr. 

398,458 

189,888 

5,368 

203,202 

254,399 

96,324 

158,075 

144,059 

93,564 

5, 

,368 

45.127 

2d qtr. 

379,364 

182,562 

5,857 

190,945 

248,492 

94,003 

154,489 

130,872 

88,559 

5, 

.857 

36,456 

3d qtr. 

225,699 

122,119 

2,800 

100,780 

132,636 

57,754 

74,882 

93,063 

64,365 

2. 

,800 

25,898 

4th qtr. 

187,354 

98,915 

2,571 

85,868 

114,842 

49,278 

65,564 

72,512 

49,637 

2, 

,571 

20,304 

1980 total 

1,190,875 

593,484 

16,596 

580,795 

750,369 

297,359 

453,010 

440,506 

296,125 

16, 

,596 

127,785 

1981— 













1st qtr. 

197,679 

106,012 

8,158 

83,509 

115,580 

51,466 

64,114 

82,099 

54,546 

8, 

,158 

19,395 

2d qtr. 

192,145 

97,695 

5,752 

88,698 

122,313 

53,427 

68,886 

69,832 

44,268 

5, 

,752 

19,812 

3d qtr. 

172,860 

101,460 

6,192 

65,208 

105,496 

56,053 

49,443 

67,364 

45,407 

8, 

,192 

15,765 

4th qtr. 

178,259 

99,228 

4,787 

74,244 

107,782 

52,498 

55,284 

70,477 

46,730 

4, 

,787 

18,960 

1981 total 

740,943 

404,395 

24,889 

311,659 

451,171 

213,444 

237,727 

289,772 

190,951 

24, 

,889 

73,932 
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Table rvalue of softwood log exports from Washington and Oregon ports, b, origin, species, and destination. 1970-81 (continued) 
(In thousand dollars) 


FROM BOTH STATES 


FROM WASHINGTON CUSTOMS DISTRICT 


FROM OREGON CUSTOMS DISTRICT 


YEAR AND 
QUARTER 


DOUGLAS- 

FIR 


OTHER 

SOFTWOODS 


DOUGLAS- 

total FIR 


other 

SOFTWOODS 


PORT- 

D0U6LAS- ORFORD- OTHER 

FIR CEDAR SOFTWOODS 


1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 
1980— 

1st qtr. 
2d qtr. 
3d qtr. 
4th qtr. 


1980 total 

1981— 

1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 


1981 total 


463 173 


TO SOUTH KOREA 


1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 
1980— 

1st qtr. 
2d qtr. 
3d qtr. 
4th qtr. 


1980 total 

1901— 

1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 


1981 total 


1980— 
1st qtr. 
2d qtr. 
3d qtr. 
4th qtr. 


1981— 

1st qtr. 
2d qtr. 
3d qtr, 
4th qtr. 


TO MAINLAND CHINA 


tatiot~'^i^1s^Caseron the'^s™11ng‘pr1ce [or'^cost''if^wt^sold)“and IncluderinlL^ffeiahr insil^a Jh' seaport or border port of expor- 

exportatlon. Oregon Customs District Iodides a 1 Orewn ports aSd tSioview xSri ’o '='’^8== POTt of 
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Oregon ports, by origin, species, and destination. 1970-81 


j3b1e 9_Average value of softwood logs exported from Washington and 


(in dollars per thousand board feet. Scribner scale) 

FROM BOTH STATES 


FROM WASHINGTON CUSTOMS DISTRICT FROM OREGON CUSTOMS DISTRICT 


YEAR AND 
QUARTER 


ALL DOUGLAS- 
SPECIES FIR 


PORT- 

ORFORD- OTHER 
CEDAR SOFTWOODS 


ALL 

SPECIES 


DOUGLAS- 

FIR 


OTHER 

SOFTWOODS 


all DOUGLAS- 
SPECIES FIR 


PORT- 

ORFORD- OTHER 
CEDAR SOFTWOODS 


TO ALL COUNTRIES 


1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 
1980— 

1st qtr. 
2d qtr. 
3d qtr. 
4th qtr. 


126.76 

119.54 

126.99 

119.52 

136.02 

132.21 

253.19 

242.25 

279.77 

271.33 

271.34 

264.20 

283.19 

281.84 

323.48 

321.97 

348.46 

363.08 

435.43 

476.70 

513.66 

521.08 

513.08 

520.40 

484.00 

489.71 

458.93 

467.95 


329.88 123.80 

317.70 124.51 

327.56 133.76 

736.97 267.84 

1,004.29 275.22 

687.90 268.07 

755.83 276.80 

1,019.62 317.01 

1,017.56 328.84 

1,076.06 437.24 

1,560.44 499.69 

1,245.03 498.99 

1,245.05 470.56 

1,348.42 441.20 


122.52 

123.00 

132.57 

245.41 

263.40 

263.91 

273.43 

314.30 

332.89 

440.68 


120,00 

119.35 

129.17 

217.52 

255.84 

255.94 

268.98 

308.29 

342.70 

453.14 


123.13 

124.05 

134.00 

257,52 

266.40 

267,43 

275.29 

317.26 

328,21 

434,67 


137.29 

118. 

,55 

137.16 

119. 

,91 

145.05 

140. 

,75 

303.63 

286. 

.66 

310.21 

291. 

.51 

284.61 

275. 

.20 

301.73 

298, 

.10 

340.94 

340, 

.51 

380.48 

387, 

.37 

496.62 

506, 

.62 


329.88 

125.67 

317.70 

125.79 

327.56 

133.12 

736.97 

295.56 

1,004.29 

295.76 

687,90 

269.49 

755.83 

280.61 

1,019.62 

316.32 

1,017.56 

330.94 

1,076.06 

445.56 


503.84 505.57 
505.78 510.48 
483.41 483,14 
453.18 456.75 


502.90 

532.87 

538.04 

1, 

,560,44 

488.30 

503.24 

528.60 

531.54 

1, 

,245.03 

480,43 

483.62 

484.91 

496.21 

li 

,245.05 

433.90 

450.48 

467.62 

478.52 

1, 

,348.42 

414.65 


1980 average 

497.32 

503.00 

1,349.27 

484.32 

491.73 

1981— 

1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 

448.80 

454.18 

445.47 

429.61 

471.83 

471.40 

462.56 

469.20 

1,481.97 

2,009.94 

1.462.06 

1,647.32 

405.14 

420.02 

399.40 

373.57 

434.07 

450,00 

429.25 

409.23 

1981 average 

444.32 

468.61 

1,605.09 

399.56 

429.80 


492.57 

491.22 

507.50 

513.91 

1,349.27 

460.31 

469.18 

412.11 

475.22 

474.59 

1,481.97 

380.28 

468.64 

437.55 

461.52 

474.49 

2,009.94 

368.47 

454.38 

401.84 

477.80 

475.02 

1,462.06 

391.39 

454.86 

371.09 

477.72 

493.11 

1,647.32 

383.05 

460.85 

405.40 

472.80 

478.88 

1,605.09 

379,81 


TO JAPAN 


1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 
1980— 

1st qtr. 
2d qtr. 
3d qtr. 
4th qtr. 


127,77 

120.87 


329.86 

124,57 

128.36 

120.12 


317.70 

125.81 

140.39 

136.08 


327.56 

138.03 

270.56 

245.63 


736.97 

277.21 

288.27 

278.84 

1 

009.12 

283.36 

278.39 

266.94 


687.90 

277.13 

288.34 

284.59 


729.17 

283.74 

330.72 

324.74 

1 

019.62 

326.47 

360.30 

366.21 


997.76 

345.20 

468.83 

478.56 

1, 

,080.54 

453.73 

525.34 

523.03 

li 

,560.44 

518.40 

521.16 

517.83 

L 

,245.03 

515.13 

489.67 

486.80 

L 

,245.05 

484.96 

471.92 

473.40 

1 

,348.42 

461.28 


123.61 

121.64 

124.08 

124.58 

120.53 

125.77 

137.95 

134.62 

139.34 

254.16 

221.04 

269.24 

273,34 

264.41 

276.74 

272,24 

260.88 

277.76 

281.72 

274.48 

284,86 

323.40 

312.83 

329.13 

347.49 

347,38 

347.55 

455.55 

457,61 

454.43 

517.96 

508,86 

523.66 

516.04 

507.48 

521.39 

490.58 

477.93 

500.80 

467.91 

459.53 

474.42 


137,78 

119.29 

329.86 

125.09 

137.20 

119.19 

317.70 

125.91 

146.16 

139.77 

327.56 

134.80 

305.00 

.288.03 

736.97 

296.63 

313.31 

295.48 

1,009.12 

297.32 

280.58 

274.68 

687.90 

275.84 

299.97 

296.69 

729,17 

281.15 

343.58 

340.13 

1,019.62 

320.42 

383.71 

387.82 

997.76 

338,30 

496.42 

504.36 

1,080.54 

451.28 

538.92 

538.47 

1,560.44 

500.79 

531.15 

529.30 

1,245.03 

490.17 

488.39 

495.05 

1,245.05 

444.33 

478.40 

488.02 

1,348.42 

423.41 


1980 average 

507.98 

504.92 

1,349.27 

1981— 

1st qtr. 

466.87 

478.10 

1,481.97 

2d qtr. 

470,48 

477.90 

2,018.97 

3d qtr. 

465.32 

480.52 

1,462.00 

4th qtr. 

444,93 

474.39 

1,647.32 


502.15 

504.11 

493.35 

511.36 

425.69 

457.01 

479.40 

440.49 

441.01 

466.68 

473.07 

461.83 

417.72 

451.84 

478.11 

425,34 

393.72 

422.82 

455.72 

395.69 


514.71 

516.90 

1,349.27 

472.01 

481.50 

476.89 

1,481.97 

383.13 

477.31 

483.85 

2,018,97 

381.26 

488.13 

483.53 

1,462,00 

395.50 

483,60 

497.28 

1,647.32 

330.09 


1981 average 461.95 477.74 


1,606.26 


420.04 


449.65 471.47 


431.71 


482.51 484.95 1,606.26 


386.46 
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Table 9-Average value of softwood logs exported from Washington and Oregon ports, by origin, species, and destination. 1970-81 (continued) 
(In dollars per thousand board feet, Scribner scale) 


FROM BOTH STATES 


FROM WASHINGTON CUSTOMS DISTRICT 


FROM OREGON CUSTOMS DISTRICT 


YEAR AND 
QUARTER 


ALL DOUGLAS- 

SPECIES FIR 


OTHER 

SOFTWOODS 


OTHER 

SOFTWOODS 


PORT- 

DOUGLAS- ORFORD- OTHER 

FIR CEDAR SOFTWOODS 


1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 
1980- 

1st qtr* 
2d qtr. 
3d qtr. 
4th qtr. 


1980 average 

1981- 
1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 


1981 average 


1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980- - 
1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 

1980 average 

1981- 
1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 


1981 average 


1980— 
1st qtr. 
2d qtr. 
3d qtr. 
4th qtr. 


1980 average 

1981- 
1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 


TO SOUTH KOREA 


TO MAINLAND CHINA 


1981 average 


Source—U.S, Department of Commerce. The valuation definition used in the exoort stati«;tirc ^ . 

It is based on the selling price (or cost if not sold) and includes inland freight insurancp border port of exportation. 

Customs District Includes all Oregon ports and Longview and Vancouver Washinaton’ Wa^hWnn exportation. Oregon 

in the State of Washington, except Longview and Vancouver. Data are compiled from Departm^t of CoS!SIrcI'reJo?ds"al'?he ill oflach Tuartei!""^ 
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Table 10--Softwood log exports from northern California ports, by species and 
destination, 1970-811- 

(In thousand board feet, Scribner scale) 


YEAR AND 



PORT-ORFORD- 

OTHER 

QUARTER 

TOTAL 

DOUGLAS-FIR 

CEDAR 

SOFTWOODS 

TO ALL COUNTRIES 

1970 

192,083 

32,531 

2,894 

156,658 

1971 

102,408 

27,032 

2,182 

73,194 

1972 

77,459 

18,337 

3,418 

55,704 

1973 

104.733 

34,454 

4,065 

66,214 

1974 

77,735 

35,146 

8,823 

33,766 

1975 

86,943 

52,547 

2,483 

31,913 

1976 

109,812 

73,924 

2,508 

33,380 

1977 

70,902 

38,302 

2,331 

30,269 

1978 

72,650 

49,024 

2,880 

20,746 

1979 

65,492 

37,551 

1,611 

26,330 

1980->- 





1st quarter 

6,517 

3,174 

_ 

3,343 

2d quarter 

2,506 

— 


2,606 

3d quarter 

13,230 

2,492 

—. 

10,738 

4th quarter 

9,419 

1,621 

653 

7,145 

1980 total 

31,672 

7,287 

653 

23,732 

1981— 





1st quarter 

10,123 

1,026 

360 

8,737 

2d quarter 

3,481 

67 

325 

3,089 

3d quarter 

32 

6 

_ 

26 

4th quarter 

11,950 

4,791 

696 

6,463 

1981 total 

25,586 

5,890 

1,381 

18,315 

TO JAPAN 

1970 

175,217 

29,965 

2,894 

142,358 

1971 

93,281 

26.712 

2,182 

64,387 

1972 

68.830 

15,914 

3,418 

49,498 

1973 

94,520 

29,261 

4,065 

61,194 

1974 

69,271 

32,485 

8,823 

27,963 

1975 

78,813 

48,188 

2,483 

28,142 

1976 

96,485 

69,395 

2,853 

24,237 

1977 

57,815 

37.765 

2,331 

17,719 

1978 

58,760 

48,653 

1,757 

8,350 

1979 

57,938 

37,411 

1,611 

18^916 

1980— 





1st quarter 

6,517 

3,174 


3,343 

2d quarter 

402 

_ 

_ 

402 

3d quarter 

13,194 

2,492 


10,702 

4th quarter 

7,067 

1,389 

653 

5,025 

1980 total 

27,180 

7,055 

663 

19,472 

1981— 





1st quarter 

10,105 

1,020 

360 

8,725 

2d quarter 

3,414 

_ 

325 

3,089 

3d quarter 

26 

_ 



4th quarter 

7.163 

4 

696 

6,463 

1981 total 

20,708 

1,024 

1,381 

18,303 


Source Department of Commerce. Data are compiled from Department of Commerce 

records at the end of each quarter. 


iNorthern California consists of the San Francisco Customs District and 
Monterey, California, and all ports north of Monterey. 


includes 
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Table 11—Softwood log exports by State and port, Washington, Oregon, and northern California, 1970-81 
(In million board feet, Scribner scale) 


STATE OF Washington! 


YEAR AND 
QUARTER 


1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 
1980- 

1st quarter 
2d quarter 
3d quarter 
4th quarter 


ANACORTES, 

BELLINGHAM 


PORT 

ANGELES 


NORTHEASTERN 

WASHINGTON 


1.739.1 

1.446.2 
2,109.8 

2.113.7 

1.729.7 

1.725.7 
2.191.4 
2,003.0 
2,241.0 
2,616.1 


1981— 

1st quarter 
2d quarter 
3d quarter 
4th quarter 


YEAR AND 
QUARTER 


STATE OF OREGON! 


PORTLAND OTHER 


REDWOOD 

TOTAL EUREKA CITY 


NORTHERN CALIFORNIA 


1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980- 

1st quarter 
2d quarter 
3d quarter 
4th quarter 

1900 total 

1981— 

1st quarter 
2d quarter 
3d quarter 
4th quarter 

1981 total 


Source-U.S. Department of Commerce. Data are compiled from Department of Commerce records at the end of each quarter. 
taMe^Tiot'coffespSSftoMatrbo5nda??es? ^ =^^toms districts as used 1n 
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Table 12—Average value of softwood log exports by State and port, Washington, Oregon, and northern California, 1970-81 
(In dollars per thousand board feet, Scribner scale) 


STATE OF Washington! 


YEAR AND 

QUARTER 

ABERDEEN 

ANACORTES, 

BELLINGHAM 

EVERETT 

LONGVIEW 

OLYMPIA 

PORT 

ANGELES 

TACOMA 

NORTHEASTERN 

WASHINGTON 

OTHER 

AVERAGE 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

123.34 

128.46 

134.28 

264.23 

266.16 

256.17 

269.90 

311.97 

332.92 

452.52 

126.47 

124.42 

128.21 

211.35 

261.07 

297-84 

293.96 

296.28 

295.77 

376.18 

132,64 

125.73 

129.47 

258.69 

257.85 

273.29 

287.08 

309.82 

334.87 

455.44 

121.51 

126.51 

144.82 

288.82 
292.13 
280.90 
302.53 
336.01 
379.57 
518.19 

119.33 

127.76 

146.76 
284,15 
282.38 
273,90 
302.53 
331.68 
347,93 
499.12 

118.50 

120.37 

129.52 

215.32 

246.79 

253.46 
261.25 
294.59 
319.97 

424.46 

118.44 

116.15 

131,82 

262.90 
274.24 
266.63 
277.21 
327.76 

340.91 
428.19 

146.73 

0 

0 

120.18 

118.62 

123.50 

229.45 

262.10 

279.01 

252.97 

263.80 

344.67 

492.38 

122.46 

123.30 

133.86 
257.80 
268,58 

266.30 
277.26 

317.86 
339.68 
451.64 

1980— 

1st quarter 

2d quarter 

3d quarter 

4th quarter 

486.07 

504.79 

510.11 

458.69 

436.80 

415.50 

464.31 

354.40 

484.36 

493.89 

465.28 

430.62 

534.24 

515.32 

469.80 

488.23 

508.39 

528,19 

484.09 

501.15 

487.89 

486.42 
467.55 

394.43 

544.33 

530.12 

504.75 

491.70 

0 

0 

0 

280.95 

570.37 
562.24 
589,61 

435.37 

509.72 

507.23 

487.26 

460.20 

1980 average 

490.53 

414.44 

473.47 

506.59 

510.63 

472.08 

523.11 

280.95 

538.84 

495.76 

1981— 

1st quarter 

2d quarter 

3d quarter 

4th quarter 

408.10 

433.24 

370.52 

370.55 

432.05 

449.93 

683.93 
409.58 

417.82 

387.15 

431.63 

416.36 

469.31 

454.53 

513.97 

476.93 

514,43 

444.75 

351.02 

401.00 

381.89 

431.90 
381.18 
380.22 

490.67 

486.93 

474.49 

452.19 

307.74 

0 R 

405.07 

449.24 

377.84 

338.47 

439.57 

450.83 

433.61 

414.38 

1981 average 

394.52 

461.88 

412.74 

462.85 

447.21 

396.82 

473.08 

307. 74 

3.06 

428.32 


STATE OF Oregon! 


NORTHERN CALIFORNIA 


YEAR AND 

QUARTER 

ASTORIA 

COOS BAY 

PORTLAND 

OTHER 

AVERAGE 

EUREKA 

REDWOOD 

CITY 

SACRAMENTO 

STOCKTON 

OTHER 

AVERAGE 

1970 

121.59 

199.84 

128.71 


142.46 

111.22 

90.00 

114.04 

96.95 

92.28 

109.81 

1971 

117.61 

212.89 

126.33 


140.64 

107.55 

126.58 

110.37 

— 

0 

108.76 

1972 

127.03 

194.93 

144.27 

140.31 

147.35 

129.24 

-- 

189.29 

179.64 

129.17 

144,52 

1973 

321.16 

348.95 

289.64 

257.16 

316.88 

219.99 

0 

226.77 

296.78 

363.54 

227.72 

1974 

300.21 

363.95 

302.18 

291.33 

318.41 

295.56 

0 

317.05 

328.16 

252.62 

299,55 

1975 

236.89 

349.97 

316,25 

271.48 

286.03 

256.07 

0 

368,11 

0 

452.10 

284.62 

1976 

267.63 

372.46 

337.44 

253.76 

307.45 

292.15 

0 

367.73 

0 


312,31 

1977 

338.29 

409.01 

328.22 

318.00 

349.32 

333.34 

0 

337.06 

0 

338,45 

335.14 

1978 

325.32 

512.44 

366.77 

330.78 

389.23 

353.99 

0 

362.18 

-- 

372.07 

358.09 

1979 

461.34 

592.98 

455.51 

381.59 

483.38 

336.29 

0 

393.19 

-- 

447.84 

369.65 

1980— 

1st quarter 

477.16 

631.94 

501.19 

0 

531.66 

439.82 

0 

0 

379.65 

495.42 

458.30 

2d quarter 

521.89 

631.10 

503.85 

0 

536.72 

531.32 

0 

0 

0 

895.65 

554.48 

3d quarter 

405.84 

590.80 

495.56 

0 

495.87 

397.75 

0 

0 

0 

535,94 

489.40 

4th quarter 

386.99 

540.59 

447.85 

0 

455.45 

505.15 

0 

485.28 

0 

608.07 

503.48 

1980 average 

452.99 

604.08 

488.22 

0 

508.23 

462.98 

0 

485.28 

379,65 

535.17 

492.37 

1981— 

1st quarter 

356.89 

683.24 

426.13 

0 

479.01 

0 

0 

521.81 

0 

986.26 

539.15 

2d quarter 

339.45 

613.30 

452.44 

0 

466.24 

882,45 

0 

304.35 

0 

604.00 

454.88 

3d quarter 

364.10 

627.75 

453.73 

0 

488.17 

0 

0 

0 

0 

0 

0 

4th quarter 

300.30 

612.73 

463.43 

" 

477.91 

468.75 

0 

600.91 

0 

377.73 

444.20 

1981 average 

340.14 

635.05 

448.55 

0 

477.76 

537.93 

0 

492,22 

0 

422.02 

488.61 


Source--U.S. Department of Coimnerce* Data are compiled from Department of Commerce 

!state averages as presented here for Washington and Oregon do not agree with those 
do not correspond to State boundaries. 

R=: re vised. 


records at the end of each quarter. 

found in table 9 because customs districts as used in table 9 
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R = revised. 



Table 14--Volutne and value of hardwood log exports from ports of Washington, Oregon, Alaska, and northern 
California, 1970-81 

(Volume In thousand board feet, Scribner scale; value in dollars) 



WASHINGTON 


OREGON 


ALASKA 

SAM FRANCISCO 

YEAR AND 

CUSTOMS DISTRICT 

CUSTOMS DISTRICT 

CUSTOMS DISTRICT 

CUSTOMS DISTRICT 

QUARTER 










VOLUME 

VALUE 

VOLUME 

VALUE 

VOLUME 

VALUE 

VOLUME 

VALUE 

TO ALL COUNTRIES 

1970 

2,052 

921,655 

98 

78,348 

0 


2,353 

2,973,898 

1971 

786 

681,962 

192 

245,213 

0 

-- 

1,276 

1.643,951 

1972 

2,999 

882,806 

68 

133,979 

0 


1,320 

2,015,855 

1973 

1,812 

1,351,759 

36 

57,747 

0 


1,084 

2,330,761 

1974 

633 

1,121,192 

45 

95,342 

0 

-- 

560 

1,515,476 

1975 

1,599 

637,455 

73 

103,519 

0 

-- 

3,911 

780,853 

1976 

3,750 

1.646,972 

236 

136,188 

0 

-- 

659 

1,239,777 

1977 

2,735 

2,117,386 

189 

87,839 

0 

__ 

1,396 

2,751,996 

1978 

2,362 

2,190,449 

75 

91,486 

11 

19,250 

1,772 

4,088,466 

1979 

2,597 

2,216,256 

341 

420,741 

138 

253,716 

1,272 

3,049,981 

1980— 









1st quarter 

2,918 

1,336,275 

327 

94,704 

28 

7,000 

249 

757,307 

2d quarter 

1,914 

1,173,664 

909 

351.476 

78 

23,200 

390 

808,759 

3d quarter 

1,194 

1,494,397 

142 

66,189 

74 

10,000 

52 

101,932 

4th quarter 

800 

1,149,375 

648 

252,142 

6 

4,760 

209 

592,963 

1980 total 

6,826 

5,153,711 

2,026 

764,511 

186 

44,960 

900 

2,260,961 

1981— 









1st quarter 

1,250 

969,546 

122 

162,848 

0 

-- 

404 

834,877 

2d quarter 

315 

506,121 

41 

87,683 

0 

-- 

179 

416,861 

3d quarter 

1,281 

1,100,102 

73 

23,672 

0 


31 

41,247 

4th quarter 

570 

597,422 

203 

196,170 

0 


69 

129,562 

1981 total 

3,416 

3,173,191 

439 

470,373 

0 


683 

1,422,547 

TO JAPAN 

1970 

1,672 

889,649 

96 

75,855 

0 


2,296 

2,935,506 

1971 

762 

669,251 

192 

245,213 

0 

_ 

1,222 

1,588,353 

1972 

1,374 

727,475 

64 

130,880 

0 

__ 

1,126 

1,761,797 

1973 

993 

1,164,704 

34 

56,842 

0 


1,015 

2,250,213 

1974 

540 

1,063,245 

37 

84,293 

0 

_ 

485 

1,093,502 

1975 

1,210 

562,583 

14 

9.039 

0 

_ 

3,803 

636,796 

1976 

3,313 

1,416,317 

235 

134,988 

0 

_ 

456 

1,005,649 

1977 

1,444 

1,179,616 

17 

33,347 

0 

_ 

1,063 

2,300,667 

1978 

1,178 

819,332 

57 

84,025 

0 


1,248 

3,059,204 

1979 

1,824 

1,153,644 

300 

359,119 

74 

188,389 

1,059 

2,339,089 

1980— 









1st quarter 

2,714 

826,696 

316 

87,867 

28 

7,000 

182 

602,583 

2d quarter 

1,552 

749,394 

906 

344,457 

78 

23,200 

206 

468,706 

3d quarter 

149 

113,210 

134 

57,889 

74 

10,000 

51 

100,732 

4th quarter 

371 

279,945 

608 

236,678 

2 

2,000 

140 

360,475 

1980 total 

4,786 

1,969,245 

1,964 

726,891 

182 

42,200 

579 

1,532,496 

1981— 









1st quarter 

287 

393,303 

117 

146,848 

0 

_ 

224 

574,714 

2d quarter 

171 

335,700 

39 

84,443 

0 

_ 

41 

111,052 

3d quarter 

1,091 

988,048 

58 

11,600 

0 


27 

29,644 

4th quarter 

488 

445,422 

15 

21,270 

0 

— 

18 

27,580 

1981 total 

2,037 

2,162,473 

229 

264,161 

0 

-- 

310 

742,998 

TO MAINLAND CHINA 

1980— 









1st quarter 

-> 


-- 



_ 

_ 


2d quarter 

6 

2,800 

— 


-- 



_ 

3d quarter 



— 

-- 

-- 

__ 

_ 

__ 

4th quarter 

— 


— 

-- 




— 

1980 total 

6 

2,800 





__ 

__ 

1981- 









1st quarter 

0 


0 

-- 

0 

_ 

0 


2d quarter 

0 

-- 

0 

-- 

0 

_ 

0 


3d quarter 

0 


0 

__ 

0 

__ 

0 


4th quarter 

0 


0 


0 

— 

0 

-- 

1981 total 

0 

- 

0 

— 

0 

— 

0 

— 


Source—U.S. Department of Commerce. The valuation definition used in the export statistics is the value at 
the seaport or border port of exportation. It is based on the selling price (or cost if not sold) and 
Includes inland freight, insurance, and other charges to the port of exportation. Data are compiled from 
Department of Commerce records at the end of each quarter. Washington Customs District Includes all coastal 
and inland ports in the State of Washington, except Longview and Vancouver. Oregon Customs District 
includes all Oregon ports and Longview and Vancouver, Washington. Alaska Customs District is the State of 
Alaska* San Francisco Customs District Includes Monterey and all ports north of Monterey, California, 
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exports from southern California ports, by species 

iy/u~oi 

(In thousand board feet, Scribner scale) 


YEAR AND 


DOUGLAS- 

OTHER 


QUARTER 

TOTAL 

FIR 

SOFTWOODS 

HARDWOODS 

1970 

561 

276 

60 

225 

1971 

365 

90 

84 

191 

1972 

631 

203 

92 

336 

1973 

445 

214 

5 

226 

1974 

378 

32 

130 

2i6 

1975 

288 

11 

224 

53 

1976 

2,396 

1,411 

670 

315 

1977 

1,360 

169 

411 

780 

1978 

1,721 

172 

917 

632 

1979 

1980— 

2,117 

290 

359 

1,468 

1st quarter 

232 

59 

98 

75 

2d quarter 

376 

171 

no 

95 

3d quarter 

406 

65 

303 

38 

4th quarter 

135 

0 

99 

36 

1980 total 

1,149 

295 

610 

244 

1981— 





1st quarter 

235 

30 

86 

119 

2d quarter 

126 

15 

21 

90 

3d quarter 

261 

39 

68 

154 

4th quarter 

116 

4 

11 

101 

1981 total 

738 

88 

186 

464 


Source—U.S. Department of Commerce. Data are compiled from Depart¬ 
ment of Commerce records at the end of each quarter. Revisions 
which may have been made after this time are not shown. Southern 
California consists of the San Diego and Los Angeles Customs 
Districts and includes all ports south of Monterey, California. 





Table 16--Volunie and average value of softwood log exports to Canada from the Montana 
Customs District, 1970-8ll/ 

(Volume in thousand board feet, Scribner scale; value in dollars per thousand board feet) 


YEAR AND 

QUARTER 

ALL 

SPECIES 

DOUGLAS- 

-FIR 

OTHER 

SOFTWOODS 

VOLUME 

VALUE 

VOLUME 

VALUE 

VOLUME 

VALUE 

1970 

96 

111.47 

30 

146.57 

66 

95.62 

1971 

853 

103.53 

0 

— 

853 

103.53 

1972 

392 

113.71 

19 

162.89 

373 

111.20 

1973 

379 

177.58 

93 

261.16 

286 

150.40 

1974 

925 

178.24 

19 

149.05 

906 

178.86 

1975 

739 

226.93 

72 

274.78 

667 

221.76 

1976 

571 

228.43 

103 

254.08 

468 

222.78 

1977 

1,227 

247.66 

467 

251.10 

760 

245.54 

1978 

901 

226.05 

136 

367.43 

765 

200.91 

1979 

3,906 

168.47 

0 

— 

3,906 

168.47 

1980— 

1st quarter 

135 

303.18 

15 

281.67 

120 

305.87 

2d quarter 

236 

189.98 

0 

— 

236 

189.98 

3d quarter 

156 

257.12 

21 

319.14 

135 

247.47 

4th quarter 

172 

243.02 

0 

—— 

172 

243.02 

1980 total and 

average value 

699 

239.88 

36 

303.53 

663 

236.42 

1981— 

1st quarter 

141 

446.81 

123 

475.06 

18 

253.78 

2d quarter 

256 

347.04 

0 

— 

256 

347.04 

3d quarter 

54 

269.30 

0 

—— 

54 

269.30 

4th quarter 

26 

254.42 


— 

26 

254.42 

1981 total and 

477 

362.68 

123 

475.06 

354 

323.64 

average value 


Source—U.S. Department of Commerce. The valuation definition used in the export sta¬ 
tistics is the value at the seaport or border port of exportation. It is based on the 
selling price (or cost if not sold) and includes inland freight, insurance, and other 
charges to the port of exportation. Data are compiled from Department of Commerce records 
at the end of each quarter. 

^Montana Customs District includes all ports in Montana and Idaho. 
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Table 17--Log exports from British Columbia ports, by species and destination, 1970-811/ 
(In thousand board feet, British Columbia log scale) 


TOTAL, 
ALL SPECIES 


OTHER 

SOFTWOODS 


TO ALL COUNTRIES 


1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 
1980- 

1st quarter 
2d quarter 
3d quarter 
4th quarter 


1981- 
1st quarter 
2d quarter 
3d quarter 
4th quarter 


1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 
1970 
1979 
1980- 

1st quarter 
2d quarter 
3d quarter 
4th quarter 


1981- 
1st quarter 
2d quarter 
3d quarter 
4th quarter 


1981 total 131,321 


TO UNITED STATES 


1970 


120,698 

1,376 

50,920 

29,540 

1971 


63,910 

1,532 

20,271 

24,110 

1972 


9.807 

269 

478 

5,065 

1973 


6,471 

559 

1,692 

1,236 

1974 


60,146 

9,623 

8,560 

35,928 

1975 


23,354 

946 

7,717 

11,677 

1976 


48,911 

4,590 

22.043 

14,558 

1977 


74,442 

4,979 

50,817 

12,043 

1978 


32,843 

4,498 

6,039 

19,144 

1979 


48,810 

537 

7,223 

29,357 

1980- 






1st 

quarter 

10,581 

0 

5.420 

3,395 

2d quarter 

10,515 

5,874 

9,596 

252 

3d quarter 

29,770 

1,111 

17,350 

6,048 

4th 

quarter 

10,009 

230 

12,327 

4,549 

1980 

total 

76,955 

7,215 

44.693 

14,244 

1981- 

. 





1st 

quarter 

19,710 

0 

9,014 

5,690 

2d quarter 

13,649 

40 

9,122 

751 

3d quarter 

10,185 

111 

6,625 

794 

4th 

quarter 

6,780 

7 

2,173 

54 

1901 

total 

50,324 

156 

26,934 

7,189 


Statistics. Department of Industrial Development, Trade, and Commerce, 
Victoria, B.C., Preliminary Statement of External Trade, 

^Figures do not include shipments of puipwood logs. 


Table 18—Volume and average value of softwood log imports of all species 
from Canada into Washington and Oregon, 1970-81 

(Volume in thousand board feet, Scribner scale; value in dollars per 
thousand board feet) 


YEAR AND 

QUARTER 

VOLUME 

AVERAGE 

VALUE 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980— 

1st quarter 

2d quarter 

3d quarter 

4th quarter 

99,462 

60,333 

8,451 

2,102 

31,625 

55,494 

44,438 

91,962 

41,307 

75,855 

9,115 

8,377 

15,486 

18,850 

82.57 

64.70 

80.44 

124.71 

248.69 

207.13 

122.62 

194.93 

271.29 

298.89 

341.27 

319.09 

233.34 

142.33 

1980 total and 

average value 

51,828 

233.08 

1981— 

1st quarter 

13,223 

300,05 

2d quarter 

7,873 

350.85 

3d quarter 

5,471 

273.45 

4th quarter 

7.418 

356.07 

1981 total and 

average value 

33,985 

319.77 


Source -U,S. Department of Commerce. Value is declared value at port of 

entry. Data are compiled from Department of Commerce records at the end 
of each quarter. 
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YEAR AMD ““ 

CHIPPED 

PULPWOOD 

ROUNDWOOD 

PULPWOOD 1 

I t./Ai\ r\lvU 

QUARTER 

VOLUME 

VALUE 

VOLUME 

1 

VALUE 


Short tons 

Dollars 

Cords 

Dollars 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980— 

795,044 

1,157,444 

909,926 

1,085,124 

623,830 

493,761 

877,550 

1,056,102 

1,215,483 

1,039,458 

8.44 

9.57 

9.87 

11.19 
15.55 

23.36 
20.98 
18.59 

16.37 

17.19 

17,501 

3,944 

2,300 

16 

31,998 

11,517 

1,967 

16,674 

0 

0 

NA 

19.47 

47.56 

97.06 

60.08 

42.90 

32.14 

91.19 1 

1st quarter 

2d quarter 

3d quarter 

4th quarter 

252,549 

375,769 

264,794 

292,589 

23.92 

24.76 

27.28 

31.36 

150 

5,182 

5,638 

46,367 

86.87 

125.75 

165.90 

47.90 1, 

1980 total and 




|i 

average value 

1,185,701 

26.77 

57,337 

66.64 1 

1981- 




1 

1st quarter 

2d quarter 

3d quarter 

4th quarter 

318,965 

325,318 

218,574 

297,650 

33.14 

31.53 

33.19 

31.71 

13,245 

6,511 

1,480 

1,848 

134.14 i 

137.50 

80.69 

114.70 

1981 total and 
average value 

1,160,507 

32.33 

23,084 

130.11 

Source--U.S. Department of 
records at the end of each 

Commerce. Data are compiled 
quarter. 

from Department of Commerce 1 


NA = not available. 
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Table 20--Yolume and average value of chips exported from the Washington, Oregon, San Francisco, and Alaska 
Customs Districts, 1970-81 

(In short tons, ovendried basis; average value in dollars per short ton) 


WASHINGTON OREGON SAN FRANCISCO ALASKA 



CUSTOMS 

DISTRICT 

CUSTOMS 

DISTRICT 

CUSTOMS 

DISTRICT 

CUSTOMS 

DISTRICT 

YEAR AND 

QUARTER 

VOLUME 

VALUE 

VOLUME 

VALUE 

VOLUME 

VALUE 

VOLUME 

VALUE 

1970 

238,757 

19.56 

1,605,062 

19.31 

267,347 

NA 

0 


1971 

229,237 

17.87 

1,504,169 

20.94 

476,400 

NA 

19,600 

28.06 

1972 

168,725 

19.56 

2,081,032 

22,12 

253,401 

27.76 

20,158 

25.76 

1973 

272,196 

21.84 

2,778,829 

24.85 

369,403 

24.41 

0 


1974 

390,370 

28.62 

3,177,465 

26.50 

242,017 

30.69 

34,828 

28.99 

1975 

326,083 

38.56 

2,436,807 

34.74 

257,735 

28.96 

32,399 

48.51 

1976 

457,801 

33.39 

2,881,577 

39.90 

366,678 

34.76 

107,652 

37.89 

1977 

281,540 

49.17 

2,892,333 

43.33 

519,444 

42.91 

107,429 

51.67 

1978 

299,140 

46.16 

2,650,423 

42.98 

412,107 

40.82 

31,827 

37.20 

1979 

346,209 

50.05 

3,125,103 

42.55 

603,989 

44,69 

83,706 

48.62 

1980— 

1st quarter 

21,508 

56.29 

737,661 

63.71 

134,188 

63.84 

30,649 

83.49 

2d quarter 

123,993 

76.67 

767,411 

85.88 

236,482 

66.31 

57,860 

49.94 

3d quarter 

31,697 

91.79 

716,415 

109.10 

214,926 

114.01 

40,103 

97.34 

4th quarter 

90,905 

84.65 

628.440 

97.05 

142,863 

96,28 

22,716 

91.76 


1980 total and 


average value 

268,103 

79.53 

2,849,927 

88.44 

728,459 

85.81 

151,328 

75.57 

1981— 

1st quarter 

49,140 

73.54 

715,962 

87.17 

136,498 

91.69 

10,534 

48.05 

2d quarter 

79,290 

84.91 

443,236 

82.55 

62,839 

84.53 

0 

— 

3d quarter 

60,004 

77-61 

463,096 

85.77 

54,237 

91.80 

33,499 

86.29 

4th quarter 

108,027 

82.69 

454,318 

86.90 

67,959 

89.68 

33,616 

68.98 

1981 total and 

average value 

296,461 

80.74 

2,076,612 

85.51 

321,533 

89.89 

77,649 

73.61 


Source—U.S. Department of Commerce except for San Francisco data for 1970 and 1971 which were obtained from 
the Port of Sacramento. The valuation definition used in the export statistics is the value at the seaport 
or border port of exportation. It is based on the selling price (or cost if not sold) and includes inland 
freight, insurance, and other charges to the port of exportation. Washington Customs District includes all 
ports In the State of Washington, except Longview and Vancouver. Oregon Customs District includes all Oregon 
ports and Longview and Vancouver, Washington. San Francisco Customs District includes all coastal and inland 
ports in the State of California from Monterey north. The Alaska Customs District is the State of Alaska. 

NA = not available. 
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Table 21..Softwood lumber exports from Washington and Oregon ports, by origin, species, and destination, 1970-811/ 
(In thousand board feet) 


FROM BOTH STATES 


from WASHINGTON CUSTOMS DISTRICT 


FROM OREGON CUSTOMS DISTRICT 


YEAR AND 
QUARTER 


DOUGLAS- WESTERN 
FIR HEMLOCK 


DOUGLAS- WESTERN SOFT- 

fir hemlock woods 

TO ALL COUNTRIES 


1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980— 

409,872 

334,318 

406,493 

799,631 

719,729 

616,883 

698,941 

549,059 

585,588 

839.895 

304,578 

267,429 

321,761 

532,321 

496,978 

415.152 

478,100 

372,609 

374,032 

427,063 

33,810 

22,344 

30,772 

169,927 

124,047 

125,529 

145,645 

125,479 

135,156 

280,067 

71,484 

44,545 

53,960 

97,383 

98,704 

76,202 

75,196 

50,971 

76,400 

132,765 

136,124 

130,186 

164,472 

324,740 

331.818 

263,754 

311.599 

256,703 

310.100 

413,673 

76.401 

88,532 

99,927 

143,666 

174,056 

151,681 

155,041 

123,783 

128,895 

98,685 

12,279 

9,902 

21,994 

104,851 

79,399 

52.064 

94,581 

92,364 

116,094 

211,030 

1st quarter 
2d quarter 

3d quarter 
4th quarter 

247,234 

312,038 

217,915 

207,695 

113,090 

146,872 

95.562 

93,599 

89,573 

106,431 

75,976 

66,507 

44,571 

58,735 

46,377 

47,58^ 

140,823 

159,134 

111,680 

110,091 

28.318 

32.973 

22,074 

23,306 

76,484 

81.467 

57,714 

55,041 

1980 total 

984,882 

449,123 

338,487 

197.272 

521,728 

106,671 

270,706 

1901— 







1st quarter 
2d quarter 

3d quarter 
4th quarter 

245.806 

243,240 

217,485 

227.208 

124,627 

119,714 

106,229 

100,505 

68.610 

61,129 

55,441 

82,844 

52.569 

62,397 

55,815 

43,859 

125,778 

138,502 

100,013 

103,593 

35,531 

43,482 

34,513 

25,544 

50,166 

41,913 

30,234 

50,687 

1981 total 

933,739 

451,075 

268,024 

214,640 

467,886 

139,070 

173,000 


DOUGLAS- WESTERN 
FIR HEMLOCK 


1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980- 

30,294 

16,736 

23,699 

153,537 

205,888 

208,160 

186,628 

145,386 

163,233 

355,840 

4,949 

3,252 

3,437 

40,402 

102,858 

96,307 

68,927 

40,945 

36,429 

75,567 

14,983 

7,080 

10,589 

99,707 

77,973 

96,610 

107,064 

93,719 

108,610 

227,702 

10,362 

6,404 

9,673 

13,428 

25,057 

15,243 

9,817 

10,722 

18,194 

52,571 

1st quarter 
2d quarter 

3d quarter 
4th quarter 

89,497 

117,162 

88,436 

67,363 

10,144 

17,324 

16,380 

9,236 

61,733 

81,074 

58,701 

47,421 

17.620 

17,964 

13,355 

10,706 

1980 total 

362,458 

53,084 

249,729 

59,645 

1901- 





1st quarter 
2d quarter 

3d quarter 

4th quarter 

82,390 

67,107 

59,030 

103,705 

17,199 

0,898 

11,232 

10,150 

51,779 

44,251 

38.983 

71,824 

13,412 

13,958 

8,815 

13,731 

1981 total 

312,232 

55,479 

206,837 

49,916 


5.510 

4,967 

7,089 

5,301 

11,491 

3,139 

7,232 

7.462 

13,289 

35,656 

16,435 

3,920 

8,748 

64.023 

102,357 

110,671 

59,075 

36,918 

21,270 

97,396 

2,293 

1,013 

2,866 

21,155 

58,434 

55,316 

29,497 

20,100 

10,020 

30,018 

9,290 

1,470 

3,298 

34,741 

30,357 

51,251 

26,993 

13,558 

5,554 

50,463 

4,852 

1,437 

2.584 
8,127 

13,566 

12,104 

2.585 
3,260 
4,896 

16,915 

11,191 

12,818 

10,668 

9,064 

19,171 

35.059 

25,628 

13,194 

4,227 

10,282 

8,587 

3,560 

8,515 

19,631 

14,354 

7,992 

6,429 

5,146 

2,687 

1,642 

43,741 

93,052 

26,656 

50,492 

15,904 

9,466 

11,259 

6,475 

8,075 

27,066 

22,559 

29,362 

43,698 

7.998 

3,670 

8,182 

9,663 

15,121 

16,190 
18,840 
28,379 

3,947 

2,699 

2.340 

5,656 

35,274 

122,685 

29.513 

78,530 

14,642 


1970 

44,153 

32,029 

1,384 

10,740 

1971 

46,618 

32,989 

1.339 

12,290 

1972 

70,297 

42,501 

8,687 

19,029 

1973 

88,695 

49,381 

9,340 

29,974 

1974 

126,547 

67,856 

5.952 

52,739 

1975 

113,213 

61,099 

4,299 

47,815 

1976 

101,633 

50,327 

6,737 

44,569 

1977 

76,251 

45,842 

3,695 

26,714 

1978 

117,969 

69,052 

9,241 

30,876 

1979 

1980- 

113,977 

38,917 

18,870 

56,190 

1st quarter 

46,038 

16,609 

10,231 

19,198 

2d quarter 

47,329 

17,946 

6,469 

22,914 

3d quarter 

30,018 

8,851 

3,979 

17,188 

4th quarter 

36,273 

11,470 

5,646 

19,157 

1900 total 

159,658 

54,876 

26,325 

78,457 

1981- 





1st quarter 

51.382 

20,608 

4,922 

25,852 

2d quarter 

73,614 

30,893 

6,960 

35,761 

3d quarter 

57,057 

26,831 

5,949 

24,277 

4th quarter 

31,541 

13,529 

2,767 

15,245 

1981 total 

213,594 

91,861 

20,598 

101,135 


TO MAINLAND CHINA 


1981- 
1st quarter 

441 

359 

2d quarter 

233 

123 

3d quarter 

20 

0 

4th quarter 

8,347 

8,347 

1981 total 

9,041 

6,829 


Source--U.S. Department of Cortmerce. Data are compiled from Department of Commerce records at the end of each quarter. 
^Includes lumber classified as railroad crossties and not specified by species. 








Table 22—Softwood lumber exports from northern California ports, by species 
and destination, 1970-811 

(In thousand board feet) 


YEAR AND 



WESTERN 

OTHER 

QUARTER 

TOTAL 

DOUGLAS-FIR 

HEMLOCK 

SOFTWOODS 

TO ALL COUNTRIES 

1970 

52,681 

26,645 

8 

26,028 

1971 

38,397 

21,267 

0 

17,130 

1972 

48,914 

20,843 

135 

27,936 

1973 

73,842 

30,746 

2,530 

40,566 

1974 

35,314 

17,350 

815 

17,149 

1975 

27,628 

13,388 

636 

13,604 

1976 

40,585 

14,430 

462 

25,693 

1977 

44,438 

18,951 

1,137 

24.350 

1978 

32,919 

12,931 

684 

19,304 

1979 

30,832 

10,539 

1,498 

18,795 

1980- 





1st quarter 

7,934 

1,780 

354 

5,800 

2d quarter 

13,118 

6,385 

849 

5,884 

3d quarter 

6,983 

1,167 

1,360 

4,456 

4th quarter 

6,568 

1,199 

1,214 

4,155 

1980 total 

34,603 

10,531 

3.777 

20,295 

1981— 





1st quarter 

7,446 

2,183 

2,002 

3,261 

2d quarter 

9,956 

979 

1,488 

7,489 

3d quarter 

10,750 

2,085 

1,980 

6,685 

4th quarter 

19,163 

2,694 

6,567 

10,002 

1981 total 

47,315 

7,841 

12,037 

27.437 


TO JAPAN 


1970 

8,472 

48 

0 

8,424 

1971 

3,695 

0 

0 

3,695 

1972 

6,884 

17 

28 

6,839 

1973 

4.963 

328 

2,359 

2,276 

1974 

3,208 

317 

12 

2,879 

1975 

4,303 

337 

__ 

3,966 

1976 

5,724 

168 

396 

5,160 

1977 

7,766 

1,354 

_ 

6,412 

1978 

6,763 

107 

200 

6,456 

1979 

8,854 

0 

700 

8,154 

1980— 





1st quarter 

4,173 

58 

274 

3.841 

2d quarter 

4,188 

306 

716 

3,166 

3d quarter 

4,431 

574 

1,052 

2,805 

4th quarter 

4,592 

222 

1,214 

3,156 

1980 total 

17,384 

1,160 

3,256 

12,968 

1981- 





1st quarter 

4,520 

464 

1,809 

2.247 

2d quarter 

4,221 

106 

1,478 

2,637 

3d quarter 

5,521 

643 

1,980 

2,898 

4th quarter 

15,175 

1,395 

6,567 

7,213 


1981 total 


29,437 2,608 11,834 14,995 


TO MAINLAND CHINA 


1981- 

1st quarter 0 
2d quarter 0 
3d quarter 13 
4th quarter 80 


0 0 0 

0 0 0 

0 — 13 

0 0 80 


1981 total 93 0 


93 


Source—U.S. Department of Commerce. 

iNorthern California consists of the San Francisco Customs District and 
includes Monterey, California, and all ports north of Monterey. 
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«"<' destination. 

(In thousand board feet) 


YEAR AND 
QUARTER 


WESTERN SITKA OTHER 

total hemlock spruce cedar softwoods 


TO ALL COUNTRIES 


1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1st quarter 
2<1 quarter 
3d quarter 
4th quarter 


315.586 

247,414 

340,196 

404,849 

362,432 

313,307 

290,011 

250,044 

237,795 

278,462 

256.716 

66,402 

84,526 

58,537 

47,251 


90,974 

219,001 

708 

4,893 

92,243 

155,171 

0 

0 

155,407 

184,649 

0 

140 

210,555 

194,143 

12 

139 

250,144 

154,525 

2,641 

122 

179,398 

132,556 

1,353 

0 

134,387 

148,526 

1,298 

5,800 

122,544 

121,350 

5,579 

*571 

126,218 

111,435 

53 

89 

172,005 

103,844 

479 

2,134 

158,682 

96,607 

105 

1,322 

43,514 

22,888 

0 

0 

52,752 

31,669 

105 

0 

33,638 

24,221 

0 

678 

28,778 

17,829 

0 

644 


1980 total 

256.716 

158,682 

96,607 

105 

1,322 

1981-- 






1st quarter 

54,446 

22,644 

31 802 

n 


2d quarter 

49.799 

28,129 

21,670 

n 

0 

3d quarter 

51,604 

31,722 

19.882 

u 

n 

0 

4th quarter 

40.132 

22.479 

17.653 

u 

0 

0 

0 

1981 total 

195,981 

104,974 

91,007 

0 

0 


TO JAPAN 


1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1st quarter 

2d quarter 

3d quarter 

4th quarter 

315,386 

245,974 

336.798 

403,938 

361,691 

312,976 

289.197 

245,445 

236.615 

273.615 
251,369 

63,403 

84,505 

56,854 

46,607 

90,774 

91,357 

152,555 

210,536 

204,845 

179.122 

134,274 

122,471 

125.355 

170.149 

156,654 

41,507 

52,731 

33,638 

28,778 

219,011 

154,617 

184,243 

193,390 

154,205 

132,501 

148,221 

121,083 

111,207 

101.408 

94,610 

21,896 

31,669 

23,216 

17,829 

708 

0 

0 

12 

2,641 

1,353 

902 
■ 1,391 

53 

435 

105 

0 

105 

0 

0 

4,893 

0 

0 

0 

0 

0 

5,800 

500 

0 

1,623 

0 

0 

0 

0 

0 

1980 total 

251,369 

156,654 

94,610 

105 

0 

1981— 






1st quarter 

2d quarter 

3d quarter 

4th quarter 

41,731 

48.793 

41,289 

29,981 

18,861 

28,129 

22,406 

13,357 

22,870 

20,664 

18,883 

16,624 

0 

0 

0 

0 

0 

0 

0 

0 

1981 total 

161,794 

82,753 

79,041 

0 

0 



TO MAINLAND 

CHINA 



1981— 





-- 

1st quarter 

2d quarter 

3d quarter 

4th quarter 

8,721 

0 

9.316 

9,112 

0 

0 

9,316 

9.112 

8.721 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1981 total 

27,149 

18.428 

8.721 

0 

0 


records at^the^end^rLch quarter!’ compiled from Department of Comnerce 
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Table 25--Softwood lumber exports to Canada from the Montana Customs 
District, igTO-Sl-*- 

(In thousand board feet) 


YEAR AND 

QUARTER 

TOTAL 

D0U6LAS-FIR 

WESTERN 

HEMLOCK 

OTHER 

SOFTWOODS 

1970 

10,794 

6,424 

32 

4,338 

1971 

12,417 

4,660 

800 

6,957 

1972 

16,360 

6,391 

1,595 

8*374 

1973 

47,727 

30,526 

3,334 

13^867 

1974 

29,146 

9,618 

3,602 

15,926 

197b 

50,226 

12,745 

4,516 

32,965 

1976 

56,451 

19,050 

3,521 

33,880 

19 7 7 

46,488 

12,660 

3,463 

30,365 

1978 

44,612 

12,691 

2,276 

29,645 

1979 

1980— 

81,671 

22,067 

1,632 

57,972 

1st quarter 

18,458 

3,649 

267 

14,542 

2d quarter 

14,497 

4,434 

303 

9,760 

3d quarter 

12,692 

3,099 

650 

8,943 

4th quarter 

11,909 

2,848 

583 

8,478 

1980 total 

57,556 

14,030 

1,803 

41,723 

1981— 

1st quarter 

16,012 

3,036 

298 

12,678 

2d quarter 

25,259 

5,157 

272 

19*830 

3d quarter 

25,375 

7,052 

472 

17,851 

4th quarter 

16,287 

2,951 

266 

13,070 

1981 total 

82,933 

18,196 

1,308 

63,429 


Source—U.S. Department of Commerce. 

iMontana Customs District includes all ports in Montana and Idaho. 



Teiblo exports fro™ Brit,si, ColonOi., ports Ov so 

frn thousanrf board feet) ’ species and destination^ 1970-81 



1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 
1980— 

1st quarter 
2d quarter 
3d quarter 
4tb quarter 

1980 total 
1981— 

1st quarter 
2d quarter 
3d quarter 
'Jth quarter 

19S1 total 


3,461,067 

3,300,365 

3.834,552 

4,169,812 

3,938,940 

3,001,410 

4,670,033 

5,860,807 

5,876,119 

5,755,532 

5,560,300 

1.319,721 

1.333,397 

1.263,497 

1.244,185 


1 . 2 a 2 , 018 R 

l,4i7,7:4R 

767,027R 

954,760 

4,421,519 


727,599 

419,819 


1974 

617,449 

1975 

500,785 

1976 

407,674 

1977 

633,863 

1978 

705,823 

1979 

779.135 

1980— 

1.014,481 

1st quarter 

2d quarter 

286,101 

3d quarter 

311,989 

4th quarter 

293,144 

193,192 

1980 total 

1,084,426 


706,323 

675,773 

707,112 

566.535 

527,706 

356,371 

542,197 

683,614 

679,566 

679,694 

498.425 

113,019 

118,785 

155,116 

111,505 


498,425 

131,204 

129,053 

67,818 

92,391 

420,466 


29,489 

14,181 

15,268 

12,987 

15,335 

12,870 

13.727 

18.530 

23,799 

44,021 


1.838,779 
1.703,632 
1 . 801,018 
2,032,594 
1|699,277 
1.113,665 
1,967,446 
2.364,028 
2.492,764 
2,313.186 
2.098,672 
571.697 
544,037 
487,292 
495,646 


362,799 

324,910 

406,409 

456,522 

406,419 

295,218 

467,829 

533,26? 

570,796 

646,701 

988,34? 

170,973 

148,338 

133,055 

135,981 


419,746 

440,595 

634,563 

766,830 

914,787 

525,527 

1,191,429 

2,269.876 

2,116,258 

1.983,829 

1,872,234 

442,955 

498,880 

462,354 

468,045 


131.291 

153.769 

278,836 

344,401 

387,043 

409,507 

499,853 

8,796 

15,674 

129,161 

99,624 

20,322 

22,988 

24.691 

316,231 


2,129 

1,686 

5.814 

2,930 

3,708 

1.122 

1.279 

1.226 

1,061 

2.961 

3,498 

755 

369 

989 

385 


2.098,672 

588.347 

1.872,234 

99,624 

3,498 

513,677 

594,410 

296,976 

400,925 

ISO,734 
179.029 
103,025R 
141,820 

423,197 

479,469 

285,345 

307,861 

32,664 

35,455 

13,609R 

11,358 

54 2R 
278R 
254 
405 

1,805,988 

604,608 

1,495,892 

93,086 

1,479 

TO JAPAN 



*-- 

— 


10.072 

15,219 

18,325 

12,184 


549,554 

305,535 

300,460 

441,852 

349,560 

301,336 

476,927 

530,567 

545,983 

677,425 

184,803 

198,571 

184,280 

133,925 


94,828 

44,221 

46,052 

88,946 

83,749 

60,490 

79,934 

90,447 

116,368 

158,121 

46,690 

46,185 

35,324 

7,931 


53,726 

54,136 

34,003 

71.531 

49,116 

30,488 

61,743 

65,943 

92,940 

133,358 

43,556 

51,682 

54,578 


2 

1.668 

526 

1.849 

2,490 

2,405 

1,521 

85 

0 

546 


1st quarter 
2d' quarter 
3d quarter 
4th quarter 



1 gao¬ 
ls t quarter 
2d quarter 
3d quarter 
4th quarter 

1980 total 

1981- 
1st quarter 
2d quarter 
3d quarter 
4th quarter 


1.627.613 

2,163.431 

2,679,159 

2,601,556 

2,287,461 

2,026,343 

2.965,011 

4,107.653 

4,078,666 

3,528,648 

637,007 

597,329 

603,739 

752,814 


401,167 

502,631 

505,902 

347,653 

302,112 

238,331 

322,793 

529,808 

501.841 

462,658 

58,070 

58,994 

98,469 

67.949 


768,772 

1.028,356 

1.155,41g 

1.143,329 

761,924 

542,256 

978,784 

1.340.920 

1.443,548 

1.125,807 



116.032 

141,943 

270,029 

322,316 

353,487 

393,391 

456,237 

7.988 

15,496 

126,536 


0 


Table 27-Plywood exports from Washington and Oregon ports, by origin and destination. 1970-81 
(In thousand square feet) 



FROM 

CUSTOMS 

BOTH 

DISTRICTS 

FROM WASHINGTON 
CUSTOMS DISTRICTS 

FROM 

CUSTOMS 

OREGON 

DISTRICTS 

TEAR AND 

QUARTER 

SOFTWOOD. 

3/8-INCH 

BASIS 

HARDWOOD. 

SURFACE 

MEASURE 

SOFTWOOD. 
3/8-INCH 
. BASIS 

HARDWOOD, 

SURFACE 

MEASURE 

SOFTWOOD, 

3/8-INCH 

BASIS 

HARDWOOD, 

SURFACE 

MEASURE 



TO 

ALL COUNTRIES 




1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980— 

89,946 

71,479 

122,242 

284,806 

284,487 

407,117 

532.576 

233,762 

242,105 

330,018 

887 

1,314 

3,603 

6,337 

6,590 

10,493 

24,229 

17,673 

12,160 

9,962 

10,587 

11,247 

23,241 

45,493 

131,317 

93,951 

34,020 

20,603 

23,284 

27,132 

812 

1,035 

3,342 

5,546 

5,604 

10,360 

23,846 

17,447 

8,871 

9,644 

79,359 
60,232 
99,001 
239,313 
153,170 
313.166 
498,556 
• 213,159 
218,821 
302,886 

75 

279 

261 

791 

986 

133 

383 

226 

3.289 

318 

1st quarter 

2d quarter 

3d quarter 

4th quarter 

89,009 

100,285 

40,098 

49,611 

2,786 

3,164 

2,356 

1,412 

3,445 

8,686 

3,916 

4,700 

2,066 

3,078 

2,304 

1,358 

85,564 

91,599 

36,182 

44,911 

720 

86 

52 

54 

1980 total 

279,003 

9,718 

20,747 

8,806 

258,256 

912 

1981— 







1st quarter 

2d quarter 

3d quarter 

4th quarter 

90,409 

98.249 

77,074 

62,235 

2,824 

4,306 

8,984 

2,531 

8,391 

25,482 

24,678 

7,178 

2,566 

4,142 

8,955 

1,670 

82,018 

72,767 

52,396 

55.057 

258 

164 

29 

861 

1981 total 

327.967 

18.645 

65,729 

17,333 

262,238 

1,312 


TO JAPAN 


1970 

998 

2 

1971 

1,369 

28 

1972 

734 

34 

1973 

8,139 

247 

1974 

3,311 

188 

1975 

2,141 

14 

1976 

2,361 

61 

1977 

1,914 

162 

1978 

2,821 

18 

1979 

6,040 

108 

1980— 



1st quarter 

838 

4 

2d quarter 

5,134 

85 

3d quarter 

1,386 

889 

4th quarter 

943 

0 

1980 total 

8,301 

978 

1981— 



1st quarter 

1,294 

4 

2d quarter 

1,585 

0 

3d quarter 

1,261 

3 

4th quarter 

916 

6 


525 

2 

473 

633 

28 

736 

432 

0 

302 

1,625 

0 

6,514 

1,203 

11 

2,108 

414 

0 

1,727 

498 

61 

1,863 

122 

74 

1,792 

167 

18 

2,654 

931 

108 

5,109 

270 

4 

568 

3.158 

85 

1,976 

443 

889 

943 

287 

0 

656 

4,158 

978 

4,143 

581 

3 

713 

885 

0 

700 

531 

3 

730 

165 

6 

751 


0 

0 

34 

247 

177 

14 

0 

88 

0 

0 

0 

0 

0 

0 


0 


1 

0 

0 

0 


1981 total 


5»056 13 2,162 12 2,894 


Source—U.S. Department of Commerce. Oregon Customs District includes all Oregon ports plus Lonaview 

Washington Customs District includes all coastal and inland ports in^tlir 
rLordfarthri^d°"of®e“h quarter?" ' from Department of Commerce 






Table 28--Plywood exports from California, 1970-81 
(In thousand square feet) 




NORTHERN CALIFORNIA 

SOUTHERN 

CALIFORNIA 

YEAR AND 

QUARTER 

TOTAL 

SOFTWOOD, 

3/8-INCH 

BASIS 

HARDWOOD, 

SURFACE 

MEASURE 

SOFTWOOD, 

3/8-INCH 

BASIS 

HARDWOOD, 

SURFACE 

MEASURE 

1970 

8,593 

4,338 

373 

3,231 

651 

1971 

11,440 

4,303 

139 

5,896 

1,102 

1972 

15,429 

6,633 

668 

5,941 

2,187 

1973 

16,562 

8,186 

698 

4,358 

3,320 

1974 

18,177 

4,985 

305 

7,978 

4,909 

1975 

19,619 

7,874 

542 

6,311 

4,892 

1976 

19,696 

10,085 

92 

4,681 

5,111 

1977 

9,198 

5,148 

646 

1,818 

1,586 

1978 

6,036 

2,833 

899 

964 

1,340 

1979 

1980— 

5,934 

1,638 

871 

1,946 

1,479 

1st quarter 

1,678 

384 

208 

591 

495 

2d quarter 

2,426 

261 

71 

1,169 

925 

3d quarter 

2,260 

279 

477 

779 

725 

4th quarter 

2,690 

490 

93 

1,007 

1,100 

1980 total 

9,054 

1,414 

849 

3,546 

3,245 

1981— 

1st quarter 

1,811 

463 

114 

433 

801 

2d quarter 

1,748 

377 

113 

742 

516 

3d quarter 

2,857 

842 

131 

526 

1,358 

4th quarter 

2,933 

742 

129 

1,129 

933 

1981 total 

9,349 

2,424 

487 

2,830 

3,608 


Source—U.S. Department of Commerce. Data are compiled from Department of 
Commerce records at the end of each quarter. Revisions which may have been made 
after this time are not shown. Northern California is the San Francisco Customs 
District and includes all coastal and inland ports from Monterey north. Southern 
California consists of the San Diego and Los Angeles Customs Districts and 
includes all ports south of Monterey, California. 


32 



Table 29-Volume of timber sold on publicly owned or managed lands, Washington and Oregon, 1976-81 
(In thousand board feet, Scribner scale) 


Western Washington: 

U.S. Forest Service^ 

U,S. Bur. Indian Affairs 
State of Washington^ 


Eastern Washington: 

U.S- Forest Service^ 

U.S- Bur. Land Manage. 
U.S. Bur. Indian Affairs 
State of Washington^ 


883,213 1,066,656 1,097,548 1,222,548 1.114.024 
18,300 17,036 66,923 22,882 6,927 
690,015 746,012 175,155 1,150,935 503,565 

1,591,528 1,829,764 1,339,675 2,396,365 1,624,516 


4th QTR. 1ST QTR. 


202,579 

0 

115,505R 


758,015R 

870 

78,010 


4TH QTR. TOTAL 


104,598 1,224,969 
12,590 13,460 
66,145 360,885 


1,607,014 


Western Oregon: 

U.S. Forest Service^ 

U.S. Bur. Land Manage. 
U.S. Bur. Indian Affairs^ 


State of Oregon 


1,600,311 2,212,654 2,242,355 2,441,324 2.643.716 

1,021,277 1,129,753 1,110,451 889,797 1,150,026 

‘ 0 0 0 0 0 
195,124 221,030 210,353 219.378 238.931 


Eastern Oregon: 

U.S. Forest Service^ 

U.S. Bur. Land Manage. 
U.S. Bur. Indian Affairs 
State of Oregon 


2,816,712 3,563,437 3,563,159 3,550,499 4,032,673 
896,293 1.127.107 1.115,280 1,271.677 1,168.327 


All public lands: 

U.S. Forest Service^ 
U.S. Bur. Land Manage. 
U.S. Bur. Indian Affair 
State of Washington^ 
State of Oregon 


996,220 1,249.923 1,288,131 1,301.140 1,202.100 201,561 

3,627,754 4,678,115 4,838,134 5,356,368 5,354,698 790 350 

1,028,199 1,144,309 1,122,657 898,967 1,154,125 176 148 

428.345 376,639 178,568 243,612 69.401 

772,153 828,900 205,540 1,276,440 583,910 72 795 

195.124 221,910 218,732 226.877 244,923 36,342 

6,088,705 7,301,579 6,761.702 7.937,220 7,581,268 1,145,036 


Source--re5pective agencies listed. 
^Convertible products only. 
^Excludes sales under 22,000. 

3 Slletz Reservation formed 1980. 

R = revised. 


1,161,116 


1,362.225 

306,792 

18,403 

124,985 

68,151 


1,343,797 


1,299,555 


487,258R 

7,860 

26,852 

0 


2,346,235 

396,398 

66,454 

92,030 

34,608 


2,378.903 

1,030,627 

3,340 

135,461 


3,548,331 


1.294,928 

17,864 

55,032 

1,040 


1,368,864 


5,287.829 

1,052,389 

125,627 

422.595 

136,501 


7,024.941 
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Western Washington; 

Service^ 93 54 

Affairs 120.86 
State of Washington^ 159.27 

Average 122.36 

Eastern Washington: 

U.S. Forest Service^ 39.45 

U.S, Bur. Land Manage, 69.71 

U.S. Bur. Indian Affairs 79,81 

State of Washington^ IO1.19 


1ST OTR. 2 D QTR. 3D OTR. 4TH QTR. AVERAGE 


Western Oregon; 

W.S, Forest Service^ 

U.S. Bur. Land Manage. 
U.S, Bur, Indian Affairs^ 
State of Oregon 


Eastern Oregon: 

U-S. Forest Service^ 

U.S. Bur. Land Manage. 
U.S. Bur. Indian Affairs 
State of Oregon 


All public lands: 

U.S. Forest Service^ 
Manage. 

US, Bur. Indian Affalrs^ 
State of Washington^ 
State of Oregon 


146.03 ib7^^ —-~ 

___ _ _^ ^ 267.21 276.81 

Source-respective agencies listed. ^ ^ ------ 

^ Excludes sales under 52,000. 

^ Slletz Reservation formed 1980. 


Jse of differences in species mix nuaUfu 
i determinants. Prices for stumpage on National 
ts for road costs; it includes aVallowLvfor 
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^olun« in thcsand board feet. Scribnl scaU; iTl! IT!" p!rlutndl7flV' 

national -—-AOUGLAsTfir pnunFDnc. «un ZIT:----- 

forest 


WEST SIDE 


Western Oregon; 

Mount Hood iq nc^ 

Rogue River r^Qn; 

sl"r “W 

IS 

Total and average 188,041 

Gifford Ptnchot 25 150 

Mount Baker-Snoqualinfe 7,*i6o 

uiymplc 2*923 

Total and average 35 233 

Total and average, 
western Oregon and 
western Washington 233,274 

Eastern Oregon; 

Deschutes « 

Fremont n 

Maiheur ? 

Ochoco ° 

Umatnia n 

Wallowa-Whltman n 

Wlnema „ 


EAST SIDE 


POWDEROSA AND 
JEFFREY PINES 


260.13 7,300 


OTHERS 
TRUE FIRS 


VOLUME 

VALUE 

VOLUME 

VALUE 

VOLUME 

VALUE 

VOLUME 

7,300 

0 

0 

0 

0 

0 

27,96 

7,400 

580 

160 

0 

0 

0 

204.71 

41.96 

50.27 

5,380 

0 

2,250 

4,302 

2,460 

8,650 

33.64 

25.46 

53.47 
44.82 
54.33 

8,978 

7,710 

2,210 

0 

600 

720 


ALL SPECIES 
VOLUME VALUE 


5U58 8,020 94.99 101,783 99.55 

7^*23 28.238 63.78 390,901 185.27 


Total and average 

Okanogan 

Wenatchee 

Total and average 

Total and average, 
eastern Oregon and 
eastern Washington 

Total and average. 
Region 6 

Total and average, 
Oregon 

Total and average, 
Washington 


14,650 14.32 79,883 138.41 


69.67 6.020 59.45 

5.045 69.67 6,020 59.45 


30,185 64.73 187,292 72 21 

aso.13 3M50 :,.e. ea .033 „3 13 SM 73 

-19 61.172 74.23 58.423 64.27 578.193 14962 

1«M41 381.09 31.875 ia.31 88.023 U3.19 33042 

35 333 ’ ^61.60 

35.333 148.25 75 5_23 

— - ---38,130 91.58 13^055 85.21 107.803 07 77 

+itw« .. ---- 
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Table 33~Annua! volume and average stumpage price of selected species on the National Forests of the Pacific Northwest fieglon, ISeil 
(Volume in thousand board feet. Scribner scale; value in dollars per thousand board feet) 


Western Oregon: 
Mount Hood— 
1 st qtr, 

2 d qtr. 

3d qtr. 

4th qtr. 


VOLUME VALUE 


VOLUME VALUE 


13.700 315.91 
7,170 245.92 
3,160 56.71 
7,300 27.96 


PONDEROSA AND 
JEFFREY PINES 


OTHER 
TRUE FIRS 


22,540 139.28 
18.684 137.69 
37,770 207.09 
5,380 33.64 


ALL SPECIES 


VOLUME VALUE VOLUME VALUE VOLUME VALUE VOLUME VALUE 


Total and average 

188,790 

Rogue River— 

1 st qtr. 

12,930 

2 d qtr. 

25,790 

3d qtr. 

65,595 

4th qtr. 

10,805 

Total and average 

115,120 

Siskiyou— 

1 st qtr. 

53,458 

2 d qtr. 

30,470 

3d qtr. 

53,130 

4th qtr. 

25,815 

Total and average 

162,873 

Siuslaw— 

1 st qtr. 

164,660 

2 d qtr. 

71,746 

3d qtr. 

64,699 

4th qtr. 

75,268 

Total and average 

376,373 

Umpqua— 

1 st qtr. 

77,420 

2 d qtr. 

28,356 

3d qtr. 

99,150 

4th qtr. 

28,255 


,040 

93.82 

290 

147,76 

0 

_ 

960 

18.12 

0 

— 

780 

22.27 

0 

— 

1,760 

21.28 

160 

50.27 

2,250 

25,46 

160 

50.27 

5,750 

22,52 

0 

_ 

16,986 

187.79 

0 

— 

12,322 

140.47 

0 


13,711 

185.39 

0 


4,302 

53.47 

0 

- 

47,321 

162.56 

700 

128.60 

5,700 

60.07 

140 

216,44 

1,050 

30.95 

0 

— 

9,700 

24.32 

0 

— 

2,460 

44.82 


Total and average 

Willamette— 

1 st qtr. 

2 d qtr. 

3d qtr. 

4 th qtr. 


Total and average 

All western Oregon: 
1 st qtr, 

2 d qtr. 

3d qtr. 

4th qtr. 


Total and average 1,530,745 

Western Washington: 

Gifford Pinchot— 


1 st qtr. 


18 

,900 

582.42 

2 d qtr. 


39 

,377 

170.32 

3d qtr. 


213 

,035 

226.55 

4til qtr. 


25 

,150 

139.95 

Total and 

average 

296 

,462 

234,42 

Mount Raker-Snoqualmie— 




1 st qtr. 


20 

,300 

358.33 

2 d qtr. 


12 

,500 

269.09 

3d qtr. 


27 

,975 

220.71 

4th qtr. 


7 

,160 

199.43 

Total and 

average 

67, 

,935 

268.49 

Olympic— 





1 st qtr. 


25, 

,135 

270.29 

2 d qtr. 


1 , 

,070 

126.26 

3tl qtr. 


33, 

,880 

226.68 

4th qtr. 


2 , 

,923 

94.31 

Total and 

average 

63, 

016 

236.21 

All western Washingto 

n: 



1 st qtr 


64, 

335 

389.76 

2 d qtr. 


52, 

955 

192.74 

3d qtr. 


274, 

890 

225.97 

4th qtr 


35, 

233 

148.25 

Total and average 

427, 

413 

240,10 


All western Oregon 
and western Washington: 
1 st qtr. 

2 d qtr. 

3d qtr. 

4th qtr. 


0 


840 

143.24 

18,910 

0 

— 

0 


30,361 

0 

— 

0 

— 

13,025 

0 

— 

600 

38.04 

32,350 

0 


0 

— 

8,650 

0 

- 

600 

38.04 

05.186 

13,700 

315.91 

2,880 

43.30 

76,672 

7,170 

245.92 

1.060 

167.76 

46,661 

3,160 

56.71 

6,240 

276.50 

95,456 

7,300 

27.96 

8,140 

190.08 

23,042 

31,330 

2U5.66 

18,320 

195,19 

241,031 


13,700 315.91 
7,170 245.92 
3,160 56.71 
7,300 27.96 


2,880 43.38 
1,060 167.76 
6,240 276.58 
0,140 190,08 


2,200 27.80 
32,260 374.97 
139,765 198,60 
29,410 101.00 


144,818 179.50 
114,315 225.09 
384,009 158.56 
61,172 74,23 


11,300 29.72 


90 104.96 

1,195 177.97 

2,611 60.38 

720 19.06 


101,023 82.48 


59.000 133.03 995,319 335,13 
35,723 108,80 561,586 261.40 
112,610 109.08 1,618,470 208.32 
28,238 63.78 390,901 185.27 


Total and average 


1,958,158 348.02 


31,330 206.66 


18,320 195.19 


704,394 166.34 235,571 109,61 3,566,276 249.54 








DQUGLAS-FIfi 


PONDEROSA AND 
JEFFREY PINES 


OTHER 
TRUE FIRS 


all species 


Eastern Oregon: 
Deschutes-- 
1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 


Frewont— 
1st qtr. 
2d qtr. 
3d qtr. 
4th qtr. 


Total and average 

Malheur— 

1st qtr 
2d qtr. 

3d qtr. 

4th qtr. 

Total and average 

Ochoco— 

1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 

Total and average 

l/mafflla— 

1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 

Total and average 

Wal1owa-Whitman— 

1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 

Total and average 

Wlnema-- 
Ist qtr. 

2d qtr. 

3d qtr. 

4th qtr. 

Total and average 

All eastern Oregon: 
1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 


VOLUME VALUE VOLUME VALUE VOLUME VALUE VOLUME u.i i.c ~ --- 

______''^'LUE VOLUME VALUE VOLUME VALUE 


3,310 6.70 

890 226.35 

3,070 30.34 

0 


9,400 48.90 

0 

12.682 15.62 
4,385 7.76 


7.580 19.95 
8,300 158.28 
1,400 15.79 


7,400 171.95 

9,300 50.06 

18,000 144.91 
800 15.81 


10,000 53.87 
18,483 95,90 
21,265 75.14 
7,020 18.94 


26,047 332.30 

39,205 324.80 

40,130 271.69 

20 32.10 


105,402 306.38 

18,400 296.02 
18,800 166.51 
58,353 162.16 
9,530 137.31 


36,850 221.74 

89 122.10 

75.927 157.23 

24,913 92,37 


137,779 162.73 


70,690 278.33 
29,120 237.27 
20,800 156.46 


120,610 247.40 

16,200 179.07 

4.300 256.17 

13,600 172.06 

900 232.15 

35,000 187.18 


7,035 23.34 
27,148 54.74 
41,055 43.48 
7,830 13.08 


3,180 21.40 

6,090 15.72 

4,420 13.59 

0 


11.700 135.62 

12.680 323.35 


47,177 192.83 
55,385 240.63 
74,870 155.02 
9,578 33.95 


31,930 183.32 155,089 179.52 


7.150 13.28 

0 

8,317 19.55 

8,360 169.78 


23,827 70.38 


0 

1,600 8,46 
0 

1,000 13.41 


4,500 17.20 

23,500 40.08 

23,300 140.28 

0 


5.300 207.69 
9,174 9.99 
8,000 98,08 

6.300 14.77 


66,800 148.88 

89 122.10 

105,656 117.52 


0 

79,870 248.40 
37,420 219.75 
23,200 141.80 


54,520 34.06 
56,505 59.31 
87,020 49.26 
54,310 13.42 


Total and average 

Eastern Washington: 
Colville— 

1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 

Total and average 

Okanogan— 

1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 

Total and average 

Wenatchee— 

1st qtr, 

2d qtr. 

3d qtr. 

4th qtr. 

Total and average 

All eastern Washington: 
1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 


8,055 124.62 

2,951 50,46 

10,091 78.13 

0 


£00 41.88 

365 445.00 

0 


865 211,90 


7,529 104.91 

0 

13,435 69.06 

0 


20,964 81.94 


5.161 282.95 


12.690 177.32 

6,885 434.71 


980 44.25 

0 


980 44.25 


6,385 465.48 1 200 45 OO 

16.465 120.68 13,595 136,39 


2S.011 229.17 14,796 128.9 


1.200 14.93 

742 43.12 

8.210 70.39 

0 


4,852 6.31 

7.800 79.89 

34,085 111.99 

5.045 69.67 


12,275 106.05 

19.330 28.54 

59,336 73.05 

0 


1,200 45.00 


30,265 101.68 14^576 130 


49.840 166.94 15.776 123.72 



33-A„.., vo>u.e an. avana.e sU,„pa,e pnice of ae,ecte. spoclea on tne .atfona, Ponaata of tne Pacfffc Nont.woat Rogfon. 1331I (ccntfnoed, 
(Voloa® in thooaano boarfl feat, Scribner scale: value in dollars per thousand board feet) 


DOUGLAS-FIR 


All eastern Oregon 
and eastern Washington: 
1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 


Total and average 


PONDEROSA AND 
JEFFREY PINES 


VOLUME VALUE VOLUME VALUE VOLUME VALUE VOLUME VALUE 


71»631 105.49 169,722 269.27 
64,043 59.01 137,717 252.64 
145,402 87.01 292,950 164.30 
14,650 14.32 79,083 138.41 


295,726 82.11 


0 

1,200 45.00 

14,576 130,20 

0 


OTHER 
TRUE FIRS 


VOLUME VALUE VOLUME VALUE 


Region 6: 

1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 

609,342 

305,400 

820,142 

223,274 

463,81 

342.13 
288.10 

260.13 

85,331 

71,213 

148,562 

21,950 

Total and average 

1.958,158 

348.02 

327,056 

Total and average, 
Oregon: 

1st qtr. 

2d qtr. 

3d qtr, 

4th qtr. 

545,007 

252,445 

545,252 

188,041 

472.55 

373.47 

319.43 

281.09 

48,060 

45,823 

68,777 

21,875 

Total and average 

1,530,745 

378.15 

104,535 

Total and average, 
Washington: 

1st qtr. 

2d qtr. 

3d qtr. 

4th qtr. 

64,335 

52,955 

274,890 

35,233 

389.76 

192.74 

225.97 

148.25 

37.271 

25,390 

79,785 

75 


698,722 211.20 


68,146 230.40 
68,854 283.12 
303,209 169.83 
38,130 91.58 


Total and average <27,413 ZdO.lO 1,2,521 56.94 49,840 166.94 478,339 188.54 

Source-U.S. Oepertmcnt of Agriculture. Pacific Northwest Region Includes Oregon and Hashington. 

IprelImlnary. 


1,361,431 

952,099 

2,291,460 

578,193 


1,101,171 

725,978 

1,343,743 

470,390 
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Tbl. 35-A,br.9. btb.,.,. pHc. .f =,H „„ p.b„c,, 

(In dollars per thousand board feet) 
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foes not include cull log prices. 
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(In thousand board feet, Scribner scale) 
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Table 39--Average stumpage prices for sawtimber sold on National 
Forests by selected species, Alaska Region, 1970-8ll 

(In dollars per thousand board feet) 


YEAR AND 

SITKA 

WESTERN 

CEDAR AND 

ALL 

QUARTER 

SPRUCE 

HEMLOCK 

OTHER SOFTWOODS 

SPECIES 

1970 

21.40 

7.70 

47.80 

12.90 

1971 

13.30 

2.20 

20.90 

6.20 

1972 

7.30 

7.90 

1.00 

7.60 

1973 

13.30 

11.50 

21.10 

12.50 

1974 

41.80 

22.30 

41.70 

28.80 

1975 

33.00 

18.10 

60.70 

23.20 

1976 

25.10 

12.00 

67.30 

28.00 

1977 

65.00 

65.00 

4.00 

63.00 

1978 

99.17 

4.27 

136.17 

40.57 

1979 

289.50 

100.00 

161.70 

142.70 

1980- 





1st quarter 

7.90 

5.80 

15.00 

8.10 

2d quarter 

58.70 

7.60 

25,20 

28.80 

3d quarter 

215.70 

18.50 

461.50 

102.30 

4th quarter 

0 

0 

0 

0 

1980 average 

213.30 

18.40 

437.40 

101.10 

1981— 





1st quarter 

168.lOR 

5.90R 

24.00R 

42.70R 

2d quarter 

82.90R 

3.90R 

16.10R 

33.50R 

3d quarter 

136.20 

25.40 

4.40 

49.50 

4th quarter 

30.10 

6.20 

1.60 

10.60 

1981 average 

131.60 

24.30 

4.50 

47.50 


Source--Forest Service, U.S. Department of Agriculture. Alaska 
Region is the State of Alaska. 

1 Prices received for individual sales may vary significantly from 
the averages shown in this table because of differences in species 
mix, quality, road costs, logging and processing costs, size and 
length of sale, number of bidders, and other related price 
determinants. Prices for stumpage on National Forest lands are 
statistical high bids. The statistical high bid is defined as the bid 
price minus credits for road costs; it includes an allowance for 
sale-area betterment (K-V funds). 


R = revised. 
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Pacific Southwest ReSnf^970-8ll^°'' sawtitnber sold on National Forests by selected soecip 


(In dollars per thousand board feet) 



year and 
quarter 


1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 
1980-- 

1st quarter 
2d quarter 
3d quarter 
4th quarter 

1980 average 

1981— 

1st quarter 
2d quarter 
3d quarter 
4th quarter 


1981 average 


DOUGLAS- 

FIR 


25.60 

27.50 

40.70 

84.80 

87.00 

51.40 

76.00 

124.30 

131.10 

186.60 

209.50 

101.80 

181.70 

360.40 


189.50 


194.70 

125.60 

147.50 

NA 


PONDEROSA 

AND 

JEFFREY 

PINES 


32.20 

33.00 

65.80 

108.60 

101.40 
71.00 

101.80 

131.40 
164.70 
239.00 


199.70 
173.50 

231.70 
140.20 


206.10 


354.20 
161.00 

187.20 
NA 


SUGAR 

PINE 


38.60 
46.40 

66.60 
89.30 

104.00 

99.00 

185.00 

168.50 

169.20 
375.40 

476.80 

511.20 
804.90 

452.20 


671.40 


388.60 

133.80 

218.40 

NA 


lodgepole 

PINE 


3.70 

2.40 

5.40 

12.40 
6.50 

22.40 
6.50 

165.20 

136.20 

25.40 


541.80 

274.10 

20.20 

59.90 


252.80 


117.20 
785.00 
54.00 
NA 


CEDARS 


14.00 

30.30 

50.10 

86.40 

112.00 

79.90 

84.00 

337.90 
516.40 
497.10 

784.50 

648.90 
518.20 
120.00 


559.90 


58.70 

87.40 

123.90 

NA 


4.20 

7.10 

30.20 

70.20 

41.70 

19.70 

23.40 
50.60 

79.80 
96.00 

87.40 
56.90 

185.10 

55.80 


133.40 


95.30 

69.30 
94.50 

NA 


ALL 

SPECIES 


32.00 

26.00 

47.40 
83.10 
81.80 
53.80 

80.40 
121.10 
148.10 
206.20 

227.50 

195.20 

288.40 

201.00 


252.20 


204.70 

125.00 

155.10 

NA 


, . Southwest Region is the State of 

Prices received for individual 

pSr„rsat"-S- -hie 

National Forest lands are staticti’ related price determinantc costs, size and 

Pnce .inus cne.ts - 

NA = not available. sale-area betterment (K-V funds). 
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set-as1de sale, on National Po.st. .. „u..e. an. vo,»e. Pacific MontPwcst Pe,1o„. 1P;o-a: 


Colville! 


DESCHUTES 


YEAR AND -- 

QUARTER SALES 


Number 


FREMONT 


GIFFORD PINCHOT 


MALHEUR 


MOUNT BAKER 
SN0qUALMIE2 


VOLUME SALES 


MOUNT HOOD 


VOLUME 


SALES VOLUME SALES VOLUME 


SALES 


VOLUME SALES 


VOLUME 


Thousand 
bd ft 


SALES VOLUME 


Number 


Thousand 
bd ft 


Number 


Thousand 
bd ft 


1971 

u 

0 

— 

0 

— 

0 


9 

1972 

1973 

0 

0 

-- 

0 

0 

A 


0 

0 

— 

8 

23 

1974 

4 

30,100 

u 

Q 


2 

25,600 

12 

1975 

4 

13,855 

Q 

— 

4 

46,300 

33 

1976 

1 

2,263 

Q 

— 

5 

66,920 

18 

1977 

1978 

3 

4 

13,800 

43,500 

7 

0 

63,290 

1 

8 

15,200 

69,000 

7 

13 

1979 

1980 

1981- 

5 

2 

42,760 

20,400 

4 

3 

2,150 

2,032 

1 

11 

6 

357 

79,460 

44,360 

15 

0 

16 

1st qtr. 

2d qtr. 

3d qtr. 

1 

3 

10 

165 

9.760 

29,150 

0 

4 

3,795 

0 

2 

14,900 

0 

0 

4th qtr. 

0 


0 

3,730 

5 

0 

24,000 

3 

0 

1981 total 

14 

39,075 

10 

7,525 

7 

38,900 

3 


Number 


Thousand 
bd ft 

25,430 

20,285 

84,440 

18,740 

172,615 

147,050 

68,250 

192.500 

161.500 

113,140 


Number 

0 

0 

0 

0 

1 

2 

0 

0 

0 

0 

0 

0 

1 

0 

0 


Thousand 
bd ft 


650 

2,135 


89 


Number 

9 

21 

0 

0 


2 

10 

0 

19 

18 

3 

8 

3 

1 


Thousand 
bd ft 

37,557 

64,198 


26,860 

56,320 

8,350 

70,450 

11,575 

6,763 

416 

10,926 

580 

650 


Number 

5 

1 

0 

0 

11 

17 

4 

15 

20 

34 

44 

7 

6 

15 

1 


Thousand 
bd ft 


15 


12.572 


OCHOCO 


OKANOGAN 


YEAR AND 
QUARTER 


OLYMPIC 


ROGUE RIVER 


29 


5,975 

7,170 


63,527 

66,390 

10,658 

76,379 

83,836 

86,586 

26,525 

30,640 

1,790 

8,094 

789 


41,313 


SISKIYOU 


SALES 


SIUSLAW 


VOLUME 


UMATILLA 


SALES VOLUME SALES VOLUME SALES VOLUME 


SALES VOLUME SALES 


Number 


Thousand 
bd ft 


VOLUME 


SALES VOLUME 


Number 


Thousand 


1970 

0 




— 

1971 

0 


3 

18,700 

7 

1972 

0 


4 

14,860 

3 

1973 

0 


0 

— 

8 

1974 

0 


0 

— 

22 

1975 

1976 

1977 

3 

3 

0 

39,550 

19,270 

3 

2 

2 

19,000 

21,000 

9,300 

11,500 

20,105 

12 

8 

5 

1978 

1979 

1980 

5 

3 

1 

34,300 

23,500 

7,700 

1 

0 

7 

2 

6 

12 

1981- 

2 

10,600 

12 

1st qtr. 

0 


A 



2d qtr. 

3d qtr. 

4 

0 

25.000 

U 

2 

0 

0 

13,100 

0 

2 

4th qtr. 

1 

10,000 

-- 

4 

0 

1981 total 

5 

35,000 

2 

13,100 

6 


Number 



Number 


Thousand 
bd ft 


Number 

0 

0 

0 


Thousand 
bd ft 


Number 


790 

57,710 



17 

94,680 

14 

98,752 

12 

52,775 

34 

143,665 

22 

59,331 

26 

46,254 

7 

22,335 

17 

100,807 

14 

58,980 

17 

171,251 

13 

62,300 

39 

118,818 

2 

270 

16 

123.125 

7 

2$a510 

7 

31,020 

0 


20 

60,030 

5 

12,590 

G 

77,530 

16 

57,993 

14 


3 

8,150 

4 


26,356 

72,701 

174,471 

201,478 

118,763 

91,027 

231,303 

120,834 

45,137 

98,274 

49,667 

52,342 

755 


Number 

2 

0 

11 

5 

11 

5 

6 
7 
0 
4 
3 

1 

3 

2 

1 


Thousand 
bd ft 

22,000 

198,116 
22,400 
74, 710 
28,620 
23,110 

31.100 

35,500 

18,200 

6.500 

17,300 

12.100 

1,036 


58,500 


54 


168,580 


78.733 
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201,038 


36.936 


UMPQUA 


WALLOWA-WHITMAN 


YEAR AND 
QUARTER 

SALES 

VOLUME 


Number 

Thousanc 
bd ft 

1970 

2 

7,316 

1971 

0 

1972 

0 


1973 

0 


1974 

22 

124,807 

1975 

29 

146,668 

1976 

21 

55,093 

1977 

29 

128,705 

1978 

29 

125,330 

1979 

35 

169.212 

1980 

1981— 

31 

166,650 

1st qtr. 

30 

91.385 

2d qtr. 

2 

730 

3d qtr. 

5 

500 

4th qtr. 

12 

26,570 

1981 total 

49 

119,185 


WENATCHEE 


WILLAMETTE 


WINEHA all forests 


volume sales volume sales volume SALES 


VOLUME SALES VOLUME 


Number 

0 

0 

0 

e 

0 

0 

0 

0 

0 

0 

7 

1 

3 


Thousand 
bd ft 


77.400 


Number 

3 

0 

0 

0 

0 


Thousand 
bd ft 


16 


— 

2 

17,400 

10 

"" 

0 

-- 

19 

__ 

0 

— 

48 


0 

-- 

33 

— 

5 

23,100 

53 

1,799 

4 

18,000 

83 

135 

1 

500 

G 

19,640 

2 

10,940 

23 

45,480 

5 

29,500 

28 

14,120 

1 

820 

6 

79,375 

9 

41,760 

63 


Number 

0 

0 

0 

7 

7 


Thousand 
bd ft 


58,510 
61,520 
137,810 
121,100 
174,585 
177,660 
146,366 
197,229 

2,036 

13,260 

117,286 

5,245 


Number 

0 

0 

0 

5 

5 

9 

5 
8 

13 

6 

4 

5 
0 
0 
3 


Thousand 
bd ft 


22,460 

35,550 

69,600 

38,040 

35,110 

60,006 

59,050 

30.400 

50,450 


19,450 


Number 

40 
37 
50 
92 
195 
194 
118 
207 
225 
266 
281 

91 
91 
147 
37 


Thousand 
bd ft 

147,039 

121.653 

341,809 

484.690 

1,060,627 

1,271,634 

603,565 

1.148,159 

1,195.958 

1,045,391 

930.670 

311.521 

264,307 

516,285 

87,585 


137.827 


69,900 


r: in' """"" 

uly 1. 1974. Colville National Forest In Washington beca« part of the Pacific Northwest Region 
July 1, 1974. Snoqualmle National Forest was merged with the Mount Baker National Forest, 


366 


1,179.698 


49 



44 


LAW OF CONTRACTS. 


or give something in earnest to bind the bargain, or in part of 
payment, or that some note or memorandum in writing of said 
bargain be made, and signed by the parties to be charged by 
such contract or their agents thereunto lawfully authorized,'' 

Similar statutes have been enacted in this country in which 
the limit of the value of the goods sold is usually placed at $50, 
while in Maine and in New Jersey it is placed at $30. 
For all values over these amounts the contracts must be in 
writing or, as stated in the statutes, the buyer must give proof 
of his agreement by accepting and receiving a portion of the 
same or by part payment for the same. 

It must be noted, however, that a contract for labor is not 
included in the statute. The limit of value here used applies 
not to individual articles but to the sum total of the articles 
named in the transaction. 


SUBSEQUENT CHANGES AND AGREEMENTS. 

38. The General Rule. In general any oral or written 
agreement may be altered at pleasure after it has been signed, 
when this is done by mutual consent. Alterations made at the 
time of, or previous to, the signing of the instrument become 
elements in the original contract. 

Any change by mutual consent in the terms of an agree¬ 
ment after it has been signed makes a new contract out of the 
original agreement, and because of this a surety or a third party 
to the agreement not consenting to the change is released from 
o ligation. The new contract remains good as to those who 
consent to the change. In the case of engineering contracts 
where it is common to have sureties or bondsmen who guar- 
mitee faithful performance, such su must always be con¬ 
sulted and their consent obtained to any material change in the 
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original contract which may be mutually agreed on by the 
principals. In default of such reference and consent on the 
part of the sureties, they become discharged from all liability.* 

Even though the written contract has a clause forbidding 
any oral alteration in it, and declaring that no change shall be 
made in it except in writing, such a provision is void, and the 
contract may be altered by oral agreement notwithstanding. 
This is because in law oral and written agreements are of the 
same class, both being simple or parole contracts, and hence 
are of equal force and effect. An agreement in writing, there¬ 
fore, by the parties, to forfeit their legal rights, does not operate 
to change the law in this respect, and their rights can not be 
forfeited by such an agreement. One of these rights is the 
privilege of modifying the contract by oral agreement 

Where contracts are illegal except when they are in writ¬ 
ing, as under the Statute of Frauds, it follows that such a 
written contract can not be modified by oral agreement, since 
this would circumvent the law as applied to such cases. This 
also applies to promissory notes and other commercial paper. 
Oral agreements in regard to them are invalid, as they would 
work injustice to innocent parties. 

Written contracts executed under seal, not required by law 
to be so, may be modified or altered l>y either written or oral 
agreements, but when this is done the whole contract is reduced 
to the force and significance of a simple or parole agreement, 
and no longer remains a specialty. 

Furthermore this can only be done in the case of a scaled 
contract, when the new agreement or alteratioii rests upon a 
new and separate consideration. Where the seal is rec|uircd 
by law, alterations must also be made under seal. If, how¬ 
ever, all the parties to the original agreement are together, and 
the instrument is changed by the principals who signed and 
sealed it, in the presence of all, and with the consent of all, 
the alterations are valid. 

'♦‘See special clause, to be inserted in the bond itself to provide for such changeii, p. 

509 . 
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39. Eesults of Alterations of the Contract. Thi» 
is one of the most important subjects connecteil witli the exccu« 
tion of engineering work. Very sekloni is an ciigijifering or 
architectural project constructed strictly in accortiance w ith the 
original plans and specifications. Usually the contract itself 
provides for changes in plans and specifications, and in general 
changes must be made in accordance with such provisions,* 

While the court decisions are extremely various and fre¬ 
quently directly opposed to each other in their enforcements of 
contracts which have been changed more or less after they have 
been signed, it is thought the following is a fair interpretation 
of the intent of most of the authorities in passing on such cases. 

(a) Changes in the contract will not operate to annul the 
original contract unless such was the plain intent of the parties, 
and so long as any portion of the original contract may fairly 
be construed as remaining in force, f 

(A) In general, every change made in a contract after it 
has been signed, should be based on some kind of a legal con¬ 
sideration. Thus, if a change is made which involves an addi¬ 
tion to the cost of the work, it should be accompanied and sus¬ 
tained by a corresponding increase in the compensation or 
price, or by a corresponding reduction in some other part of 
the work, or by a corresponding accommodation of some clmr- 
acter in favor of the other party, which may he construed as a 
consideration for the change made. Otherwise the change 
agreed upon can not be enforced. 


(c) Similarly, if the parties agree to a less performance 
than that required by the contract, unless there be also a corre¬ 
sponding reduction made in the price, or some other accommo¬ 
dation to the other party, which may be construed as a con .id- 


* One exception to this rule i« 
vides that changes shall be made 


given In the prcvtong arilcif* where fli« 

only in writing. 




Chases shall no. 

change, are no. in conflict. 
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eration, the agreement can not be enforced against the party 
making the concession. He is at liberty to change his mind. 

(< 7 ) In such changes as are mentioned in (S) and (c) the 
law will not inquire particularly as to the adequacy of the con¬ 
sideration, so long as a legal consideration may be shown to 
exist. 

(e) An apparent exception to the above rules of con¬ 
struction is that in which the original contract provides for 
changes to be made in a specific manner, and without further 
consideration. Thus it is sometimes specified and agreed upon 
that the character of the materials or the methods described in 
the original contract may be changed at the pleasure of the 
engineer or architect, without further consideration. In this 
case any change made consistent with this provision would not 
be regarded as a new contract, but simply as a sort of construc¬ 
tion of the old agreement. Under such a clause, however, the 
law would not allow a gross injustice to be worked against the 
contractor in the way of violent changes which would greatly 
increase the cost of the work, and which evidently were not 
anticijjated by the parties to the contract at the time it was 
signed. 

(/) In all cases where changes have been made in a con¬ 
tract, if such changes involve an increase in the time required 
for performance, the date of completion of the work fixed by 
the original contract will be extended by the courts for a period 
sufficient to cover the additional time required for the changes 
made. This the courts will do whether such extension of time 
be provided for, either in the original contract, or in the subse¬ 
quent agreement. 

(^) It is customary to include in the original specifica¬ 
tions a clause describing the manner in which all changes in 
plans and specifications may be made, and the compensation 
for the same determined. In this case changes in the contract 
must be made in accordance with such provision, and such 
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changes, when so made, are binding upon the contractor 
whether he consent or not. They might operate, however, to 
release the bondsmen. 

(> 4 ) All contracts, except those required by law to be in 
writing, whether sealed or unsealed, can be modified by oral 
as well as by written subsequent agreement, regardless of any 
provision to the contrary in the body of the original contract. 


DISCHARGE OP CONTRACTS. 

40 . Methods of Discharge. Any contract entered 

mtomany of the methods heretofore indicated may he dis¬ 
charged and the parties thereto freed from all obligations there- 
under, m any one,of the following ways; i. By agreement. 
2. By performance. 3. By impossibility of performance. 4. 
By operation of law. 5. By breach. 

41 . Discharge by Agreement. Any contract which 

has been entered into by mutual agreement may evidently by 
mutual agreement be dissolved. This may be done', (a) by 
a waiver or cancellation, (^) by a substituted agreement between 

the parties, or of the contract, (c) by a condition in the contract 
itself. 

(«) An agreement to discharge the contract must be 
supported by a consideration the same as any other agreement. 
The usual consideration in this case is the mutual release from 
liabilities under the original contract. 

(, 6 ) A contract may be discharged by the substitution 
fterefor of a new agreement, the consideration in this case 
being as before the mutual discharge of obligation under the 
previous agreement. This new agreement may be either oral 
or written, and it will serve to replace or rescind the previous 
agreement if such were the intention of the parties. This is 
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true whether the original agreement was a sealed contract or 
simply a parole agreement. If, however, the original contract 
was required by law to be in writing so must also the new con^ 
tract which replaces it.. 

The rescission of the former contract may be implied, m 
where the terms of the latter agreement conflict with those of 
the old, the later agreement taking precedence and discharging 
the former. The intent ion to discharge the former, however, 
must be clearly implied from its being the only rational 
assumption in the premises. 

The contract may he rescinded by the substitution of a 
new party to it in place of one of the original parties. This 
may be done only where all parties to the contract are agreed, 
this agreement being either express, or implied by subsequent 
acts* 

(c) The contract may contain a provision for its own 
discharge on the happening of some event or contingency* 
This contingency may lie the nonfullillment of some specific 
clause in the contract itself, or on tlie occurrence of some par* 
ticular event, or on the exercise by one of tlie parties of an 
option to determine it. Wlien tire event trans|nre» which 
forms the condition of the <lischargc, the contract is thercnipoii 
rescinded. 

Engineering contracts sometimes contain a clause to the 
effect that the work may be stoj)ped at any time with a specified 
notice at the option of the party paying for tiic same. 

42. Discharge by Performance. The uhuhI method 
of discharging a contract is by each party fully |icrforming the 
duties prescribed for him in the agreement. In tins case the 
performance by each party must be strictly in accor<lance with 
the terms of the contract. 

In engineering work it is seldom tlnit the work is done in 

all details strictly in accorduiice with the plans and specifics* 
4 
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tions, or with such plans as authoritatively modified by the 
engineer. While in law the contract requires a strict and full 
compliance with all the terms of the agreement, yet in equity a 
substantial compliance is accepted in place of a full and com¬ 
plete performance. Also in equity an imperfect compliance is 
often taken as a discharge of the contract subject to such dam¬ 
ages as would equitably compensate for the degree of failure 
to fully and completely satisfy the agreement. 

One of the essential requirements of the contract is the 
time specified for the completion of the work, when this is so 
named in the agreement. When no time limit is mentioned in 
the agreement, the element of time is not deemed to be of the 
essence of the contract, but performance will be required 
within a reasonable time. When a specific time or date is 
given for completion, a court of equity will examine as to 
whether the intent of the parties was to determine in a general 
way the time when performance was expected or whether such 
limit was intended to be a specific and essential part of the 
contract. If the former meaning is imposed no relief can be 
had in equity for nonperformance within the specified time. 

43. Performance on Conditional Promises. In 
engineering contracts performance on the part of the owner is 
usually conditioned on a previous performance on the part of 
the contractor. On the other hand, the- owner sometimes 
agrees to make payments, for instance, at specified stages of 
the work, in such a way that further performance on the part 
of the contractor may be conditioned on the making of such 
paynaents at the times specified. Performance may also be 
conditioned in various other ways, as after the lapse of a certain 
time, or upon the occurrence of a particular event or contin¬ 
gency which may be uncertain, or on the acts of a third party, 
or even on the will of the promisor. In this last case it ia 
really no contract at all, so far as the promisor is concerned. 
That IS to say, while he can enforce it against the other party. 
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the other party can not enforce it against him. Such a case as 
this last is where one party agrees to do work to another's satis¬ 
faction.* Here the party performing the work is wholly at the 
mercy of the party to be satisfied, and the plea of dissatisfaction 
relieves him from liability.* Evidently no person should place 
himself thus at the mercy of another, unless he can rely implic¬ 
itly upon the good faith of the other party. 

A common instance of the operation of a ‘^condition pre¬ 
cedent" with reference to a third party is where a contractor 
binds himself to receive payments on a building or engineering 
work only on the certificate of the architect or engineer. With¬ 
out such certificate which forms a ^‘condition precedent" the 
owner is not obliged to make payment. Before the contractor 
can force the owner to pay him for his work, in the absence of 
such a certificate from the architect or engineer, he must be 
able to prove that the architect or engineer has acted fraudu¬ 
lently in withholding the certificate, or that he has acted under 
gross mistake, and in bad faith, or has negligently refused to 
honestly examine the work. As this is, of course, very difficult 
to establish, the refusal of the architect or engineer to give such 
certificate commonly acts as a bar to payment under the terms 
of the contract. 

Also where the quality or quantity of the work to be done 
is, by the terms of the contract, to be left to the approval of a 
third person, such as the engineer, his decision in the premises 
is binding upon both the parties. 

The agreement may be conditioned upon a notice being 
given to the promisor, as where the engineer is required to give 
notice to the contractor to begin work at a certain time. In 
this case the proof of having given such notice is necessary to 
the enforcement of the contract. 

44 . Discharge by Payment. The discharge of a 
contract by full payment of money due upon it requires no 


* The courts will construe this as meaning a nasonmbU Mmiirfmtim,, 
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further comment in this connection. This subject is further 
amplified in the works on the <‘Law of Contracts/" but it is 
not necessary to elaborate it here. 

45. Discharge by Tender. When the performance 
of a contract is frustrated or prevented by the act of the> party 
to whom the performance is due the offering to perform is 
called a tender. As applied to engineering contracts, if the 
contractor is prevented from performance by the owner, the 
latter subjects himself to liability on a suit for damages sus* 
tained by the contractor by not being allowed to perform. In 
other words, the owner breaks the contract by his refusal and 
subjects himself to a suit for damages, the same as in any other 
case of breach of contract, while the contractor stands released 
from all further obligation under the contract, his tender being 
construed as performance so far as he is concerned. 

46. Kinds of Impossibility Which Will Discharge 
a Contract. An agreement between parties to do what both 
know to be impossible is discharged when their knowledge of 
such impossibility is shown, but where the impossibility is 
known only to one of the parties, he is liable for damages to 
the party to whom it is unknown. 

Where the subject-matter is nonexistent, or has cease^ to 
exist, the impossibility of performance results from a mutual 
mistake of fact, and the contract is discharged. 

Where performance is rendered impossible by what is 
called in law “an act of God or of the public enemy” the party 
so contracting is excused. By “an act of God” as used in law 
as discharging a contract is meant a manifestation of the powers 

of nature over which man has no control, such as fires caused 

by lightning (but not by accident or other cause), winds, 
floods, sickness and the like. In the performance of engineer¬ 
ing contracts unusual difficulties will not be placed in this cate- 
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gory, so long as they are hy any fossihility under human 
control. 

While as stated above an “act of God or of the public 
enemy’’ making performance impossible, will discharge a con¬ 
tract, yet it must be clearly shown that such “act of God or of 
the public enemy” did in fact render the performance quite 
impossible, and not simply difficult or expensive. Thus if 
wind, flood, or lightning should destroy a partly completed 
engineering work, if it were possible to re-erect it within the 
time specified, the contractor would be held to full performance* 

47. Kinds of So-called Impossibilities Whichi 
Will Not Discharge the Contract. “When a person con¬ 
tracts to do a given act he pledges himself as having the capac¬ 
ity to do it, and assumes the risk of being prevented from per¬ 
forming his contract by obstacles or accidents; against obstacles 
or accidents that may interfere with performance should 
tect himself by contract. Having presumed generally to do a 
thing he can not allege that difficulties and obstacles prevented 
him from fulfilling his contract, although they did in fact render 
the doing of the thing by him impossible. He is bound to do 
whatever is within the scope of any human being to accom¬ 
plish.” 

From the above which is quoted from Judge Amos Thayer, 
of the United States Court of Appeals, it is evident that if a 
contractor wishes to obtain release from full and complete per¬ 
formance for certain contingencies, as for instance, inability to 
obtain material, or to place sub-contracts, or to get the sub¬ 
contractors to comply with their agreement, or to provide 
against labor strikes, whether in the trades or on the railroads, 
or against the inclemencies of the weather which might make 
performance within the time difficult and very expensive, or 
against any other of the extraordinary contingencies which may 
arise to prevent performance except at great loss, he must 
evidently provide protection for himself in the body of the con- 
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tract. In the absence of such a protection and under a simple 
agreement to perform certain work within a certain time, the 
law will hold him to a strict compliance, so long as such com- 
fliance lies withtn the realm of human fossiiility, regardless 
•f expense. 

48. Discharge of Contract by Operation of Law. 
There are various methods by which a contract may be dis¬ 
charged through the operation of the law, as for instance, by 
merging one contract into another, by a fraudulent alteration 
of the written agreement, by the bankruptcy of one of the par¬ 
ties, or by death. In the case of the death of one of the parties’, 
the contract is discharged only when this is made a condition 
m the contract, or when performance thus becomes impossible. 
It will become impossible when the performance is required to 
be of a personal character, as contracts for services, or such as 
require professional skill, marriage contracts, and the like. 

49. Discharge of Contract by Breach. While 
any material breach of the contract on the part of either of the 
parties furnishes a right of action to the injured party, it is only 
in exceptional cases that such a breach operates to discharge 
fully the other party from his obligations. The contract will 
be discharged as to the injured party by a breech by the other 
party: 

(<2) When one of the parties announces his positive 
renunciation of the contract, whether this be previous to a par- 
tial performance, or after a partial performance. In this case 
the injured party is entirely relieved from further obligation, or 
in other words, the contract is discharged. Suit may at once 
be entered for damages. When the renunciation is only par- 
tial, and does not affect a vital portion of the agreement, the 
contract remains in force, but a suit for damages will lie. The 
injured party is, however, not bound to treat a formal renunci- 
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ation as a breach of contract, but may insist on performance 
until the specified time has elapsed. 

(^) By one of the parties making it impossible for him 
to perform his agreement. When this impossibility of per¬ 
formance comes to the knowledge of the other party, he may 
at once consider the contract discharged, and may enter suit 
for damages. 

(c) By such a failure to perform in case of a “condition 
precedent*' or failure which goes so to the root of the matter 
that a recovery of damages would not satisfy the agreement. 
When the performance of one of the parties is clearly made a 
“condition precedent’* to performance on the part of the 
other, a failure to substantially perform on the part of the one 
operates to discharge the contract as to the other. 

In engineering contracts a “condition precedent** to the 
final payment on the part of the owner is usually the certificate 
of performance to be given by the engineer or architect, he 
being a third party, and not one of the principals to the agree¬ 
ment. In this case a failure to give such certificate does not 
operate to discharge the contract between the principals, but 
does excuse the owner from making a final payment unless it 
can be shown that the engineer or architect has failed to per¬ 
form his duties in this respect. 

In determining whether or not the failure to perform on 
the part of the contractor, for instance, is so vital as to operate 
to discharge the contract entirely as to the owner, and release 
him from all obligation to pay for the work done, we may 
distinguish between divisible and entire agreements. A con¬ 
tract or agreement may be considered divisible, when a fulfill¬ 
ment in part is valuable to the other party so far as it goes, and 
when a failure as to a part does not operate to destroy the 
value of the partial performance. Thus a contract to build 
two houses is a divisible contract, since the building of one 
would be a satisfactory performance as far as it goes, and a 
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failure to build the second would not operate to destroy the 
value of the first; whereas a contract to build a house is an 
entire contract, since the building would not be serviceable 
until fully completed. 

The degree of failure to perform, as in the case of agree¬ 
ments by contractors and builders, which will operate to dis¬ 
charge a contract on the part of the owner, must be determined 
by the court or by a jury. In general any siibstfintial failure to 
perform an indivisible contract will operate to discharge the 
contract. If, however, the work done or goods delivered are 
accepted and used, the law will create a new and implied con¬ 
tract on the part of the recipient and beneficiary, by which the 
party supplying the service or goods can recover a fair price 
for the same. Such recovery, however, not being under the 
contract or in accordance with its terms. 

A failure in minor details does not, as a rule, discharge 
the contract, but simply furnisheil to the other party the right 
to obtain damages to the extent of the fiiilure. It Is very 
important to note, however, that such failures which give to the 
injured party only the right to recover <lamiiges must be in their 
nature insignificant, and of small relative importance, not in 
any sense going to the root of the matter or affecting the value 
of the parts which have been satisfactorily performed. The 
law is very severe in enforcing agreements literally and fully, 
especially where departures have been made intentifinally and 
perhaps against the protest of the other prtrty. In such emm 
even small failures to comply may be considerctl as a discharge 
of the contract. Where the contractor has evidently acttal in 
good faith, much larger failures to perform may he reunedied by 
a payment of damages instead of operating to <lisc!iarge the 
entire contract. 

When a failure to perform pertains to work which must 
either be accepted and used, or removeci at great ocpciise, at 
where a structure is built upon the owner^s land, if such struct- 
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we fails materially to comply with the terms of the contract, 
such failure to perform will operate to discharge the contract 
without compensation to the contractor, even though the owner 
does accept the work and use it. In this case the owner is 
not at liberty to refuse to accept, since this would involve 
him in great additional expense and delay. It is, of course, 
very different in the case of all kinds of personal or movable 
property. Here a refusal to accept does not involve the owner 
in any additional cost* 

W^hen a contractor has shown indifference, dishonesty, or 
incompetency in the execution of his contract, resulting in a 
material failure to perform, and this work is the building of a 
structure upon land which becomes part of the real estate, the 
owner may not only accept and use the structure without com* 
pensation to the builder, but, in extreme cases, he may even 
decline to allow such builder to reconstruct the work, even 
though he should offer to do so, since the owner thereby has no 
.assurance that a second attempt will result any better than the 
first. 

While the law gives to the owner such remedies as those 
stated above, he must be careful not to act in such a manner as 
to imply that he has waived his legal rights in the premises. 
Thus where a contract is to be performed within a given time, 
and the time elapses before complete performance, if the owner 
urges him, or requests him to go on and complete the work, he 
thereby waives his legal remedies for noncompletion within the 
time, so far as a discharge of the contract is concerned. He 
may, however, recover damages for the delay. 
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REMEDIES FOR BREACH OP CONTRACT. 

60. Results of a Breach of Contract. When a 
contract has been broken, or not fully performed, the failure to 
perform may result either (a) in the discharge of the contract 
as described in the previous article, or (^) in a right of action 
by the injured party for damages sustained, or (c) a right of 
action to enforce specific performance. 

The two remedies by which one either obtains damages or 
enforces specific performance will be discussed in the two fol¬ 
lowing articles. 

51. Damages for Nonperformance. The foundation 
frincifle of damages is compensation. Where there has been 
a partial or complete failure to perform, in accordance with 
the agreement, the law undertakes to require the party so fail¬ 
ing to pay to the injured party such a sum as will cover the 
actual loss in money value which he has sustained on account 
of the breach. When the promise was the payment of a cer¬ 
tain sum of money, nothing more than this sum with interest 
can be recovered. Where no decided loss in money value can 
be shown, the injured party can recover only a nominal sum. 
That is to say, “a sum of money such as may be spoken of 
but has no existence in point of quantity.'' 

The leading case in determining the amount of damages 
which can be collected in the United States courts is that of 
Hadley v. Baxendale. In this case the court laid down the fol¬ 
lowing rules, which have been followed in all the United 
States courts. 

“Where two parties have made a contract which one of 
them has broken, the damages which the other party ought to 
receive in respect of such breach of contract should be: 

(i) Such as may fairly and reasonably he considered as 
arising naturally^ i, e.^ according to the usual course of 
things^ from such breach of contract itself 


EEMEBIES FOB BBEAOH OF CONTBAOT. 59 

(2) Such as may reasonably be supposed to have been in 
the contemplation of both parties at the time they made the 
contract^ as the probable result of the breach of it. 

(3) Such as arose out of the special circumstances under 
which the contract was made^ where such circumstances were 
communicated by the plaintiff to the defendant. 

(4) But^ if these special circumstances were wholly un¬ 
known to the party breaking the contract^ he^ at the most^ can 
only be supposed to have had in his contemplation the amount 
of injury which would arise generally^ not affected by any 
special circumstances. 

It must be remembered that “damages in an action for 
breach of contract are always by way of compensation, and not 
a punishment, hence the plaintiff can never recover more than 
such pecuniary loss as he has sustained, nor can he recover for 
great disappointment, nor injury to the feelings, or vexation of 
mind, caused by the breach/’* 

The party who is injured by a breach of contract is 
required to make reasonable exertions to render the injury as 
light as possible, and if he carelessly or indifferently allows the 
damage to be unreasonably large, such increase falls upon 
himself, 

62, Distinction between Liquidated Damages 
and Penalties, t “The parties to a contract not infrequently 
assess the damages at which they rate a breach of the contract 
by one or both of them, and introduce their estimate into the 
terms of the contract. This is perfectly legal, and on a breach 
the sum agreed upon becomes the measure of damages; as, 
for example, a stipulation in a building contract that if the 
building is not completed by a certain day the contractor will 
pay a certain fixed sum for each day or week or month he is in 
default, or an agreement in a contract of sale that a certain 

♦Breach of promige of marriage is an exception to this rule. 

tThis article is quoted from Lawson on Contracts. 
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sum shall be deducted from the purchase price if the quantity 
is not delivered as agreed. These are called liquidated 
damages,^ 

“But the parties in affixing a fixed sum for the nonper¬ 
formance of his promise by one, or each of them, may have 
intended not to assess the damages at which they rate the non- 
performance of the promise, but to secure the performance by 
the imposition of a penalty in excess of the actual loss likely to 
be sustained. And in this case, the amount recoverable is 
limited to the loss actually sustained, regardless of the sum 
undertaken to be paid by the defaulter. These are called 
^fenalties.^ 

“The courts will always construe the contract in harmony 
with the intention of the parties, and without regard to the 
terms used. If the general effect of the agreement shows that 
they intended to provide for a penalty they will restrict the 
recovery to the actual damages incurred although the words 
‘liquidated damages’ are used in the instrument. So, where 
the parties have used the milder term ‘penalty,’ courts have 
sometimes held that the stipulated sum was, from the nature 
of the case, to be considered as liquidated damages and recov¬ 
erable in full. Whether the sum mentioned in an agreement 
to be paid for a breach is to be treated as a penalty, or as 
liquidated and ascertained damages, is a question of law, to be 
decided by the judge, upon a consideration of the whole instru¬ 
ment. Where it is plain that the parties meant the sum fixed 
to be liquidated damages, the courts will not interfere to frus¬ 
trate that intention, but, if it be doubtful, upon the whole 
agreement, whether the sum named was intended to be a pen¬ 
alty or liquidated damages, it will be construed to be a penalty, 
it being the tendency of the courts to consider the contract as 
creating a penalty to cover the damages actually sustained by a 
breach, rather than liquidated damages. 
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“Subject to the principles stated in the last section the 
courts have adopted certain rules of construction, in the case of 
contracts containing promises of this kind; which are— 

1. If the contract is for a matter of certain value and a 
sum is fixed to be paid on breach of it which is in excess of 
that value, then the sum fixed is a penalty and not liquidated 
damages. 

2. If the contract is for a matter of uncertain value and 
a sum is fixed to be paid on breach of it, the sum is recovera* 
ble as liquidated damages. There is ‘nothing illegal or unrea¬ 
sonable in the parties, by their mutual agi-eement, settling the 
amount of damages, uncertain in their nature, at any sum upon 
which they may agree/ 

“3. Where the contract involves several distinct matters 
of various kinds, and one fixed sum is stipulated to be paid for 
any breach, of whatever kind, it is a penalty and not liquidated 
damages.*^ 

53. Recovery for Imperfect or Incompleted 
W orkl. As stated in Art. 49, recovery can be had under 
a contract'for partial performance, when the contract may be 
considered as divisible or severable. That is, where a part of 
the agreement may be entirely fulfilled, while other portions 
remain unfulfilled. In this case, however, while the party in 
fault may recover damages for the work done, or goods deliv¬ 
ered under the divisible contract, he is always liable for such 
damages as can be shown to have resulted from his failure to 
completely perform his agreement. 

When the contract can not be considered divisible, but 
must be looked upon as one and entire, recovery can not be 
had for anything short of a substantially complete performance. 
That is to say, a substantially incomplete performance dis¬ 
charges the contract entirely, as stated in Art. 49, and even 
when the performance is sufficiently complete to prevent dis¬ 
charging the contract, so that recovery can be had for the 
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work done, the owner may still enter a claim for damag^es for 
each and every particular in which the performance has been 
mcomplete. Here again if the default is shown to be a willful 
neglect or refusal to comply, the law is construed much more 
severely than for mere oversights. 


SPEOIPIO PERPORMANOB. 

64. General Rule as to Specific Performance. 
Suits to enforce specific performance can not always be main¬ 
tained, for actions can be brought at law for such damages as 
may be shown to have resulted from a breach of the contract, 
or from a total failure to perform. It has been customary' 
however, to allow specific performance to be enforced in cer¬ 
tain cases where suit is entered in a court of equity, but even 
m equity specific performance will not be enforced where a 
payment of damages will put the plaintiff in as ^ood a position 
as If the agreement had been actually performed. Also if an 
action for damages would not lie, neither would an action for 
specific performance. In a case in equity, however, many 
considerations will be taken account of, in the way of meting 
out justice to the parties, which could not be considered in ! 
case at law upon the terms of the contract itself 

Where specific performance is ordered by a court of 
equity the same court will, if necessary, enforce its“ 
either by a mandate enforcing the performance named or by 
an injunction to prevent the doing of the contrary. 

rule bTIir^ engineering agreement can, as a 

™ie be fully compensated for a failure to perform on the part 

not 1 M of damages, specific performance can 

not ordinarily be enforced, and hence this sublcr ! 

further discussed in this connection. ® 
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DISCHARGE OP RIGHT OP ACTION UNDER A 
CONTRACT. 

55. The Right of Action, Upon any breach of a 
contract there arises in favor of the injured party a legal right 
of action for compensation. ‘‘This right of action can then 
not be discharged by any payment or performance, or tender 
of payment or performance, by the promisor, without the con¬ 
sent and acceptance of the promisee; for the promisee, after 
breach, becomes entitled to the compensation or remedy pro¬ 
vided by process of law, and is not bound to accept any tender 
or offer made in satisfaction of his legal rights/^ This right 
of action can only be discharged in one of the following four 
ways: (a) By a Release; (3) By an Accord and Satisfaction; 
(c) By a Judgment; (d) By Lapse of Time. 

(a) A Release of a legal right of action consists in a vol¬ 
untary agreement to discharge a claim, and is only valid when 
supported by a consideration or when executed under seal. 
Otherwise it is a mere unsupported promise which binds no 
one. But a voluntary delivery to the debtor of the evidence of 
a debt, as of a note or bond, or the destroying of the same, 
with the intention of discharging the debt, does operate as a 
a release. A release of one of several debtors, jointly, or 
jointly and severally, liable for the same debt, releases all. 

Release by Accord and Satisfaction consists in an 
agreement on the part of the creditor to accept something in 
satisfaction of his claim, accompanied by the delivery or per- 
foi mance of what has been agreed upon. Here the execution 
of the agreement is the satisfaction referred to in the phrase 
“accord and satisfaction,’' the agreement to accept this being 
the accord. It should be noted that the right of action is not 
discharged until this agreement or “accord" is fully executed 
when “satisfaction" has been rendered. 
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(c) Release by a Judgment. Evidently a judgment 
obtained through a suit at law in favor of the plaintiff dis¬ 
charges all further right of action against the defendant in the 
case so adjudicated. His former right is now merged in. 
what is called a contract of record, and this is discharged by 
the payment of the judgment, or by such satisfaction as can be 
obtained by process of execution. An adverse judgment 
against the plaintiff does not discharge the obligation or right 
of action unless this adverse judgment was rendered on the 
merits of the case. Of course any judgment may be set aside 
by the court in which it is rendered, or set aside by a higher 
court, in which case judgment may be entered in favor of the 
other party if so ordered, or the parties may be remitted to their 
original positions. 

Cd) The discharge of right of action through Lapse of 
Time is in virtue of certain statutory limitations providing that 
after the lapse of a certain period of time, which is different for 
different kinds of contracts^ the right of action under the con¬ 
tract ceases to exist, and is said to have been discharged by 
lapse of time. Even in the absence of any statutory provision 
the courts will not allow a case to be opened on a contract 
which has long stood as a dead letter. In the common law the 
period of time which bars the right of action is commonly 
twenty years. This will apply even to sealed instruments, and 
for parole agreements this time will be shortened and dis¬ 
charged by payment presumed for shorter periods. 

It must not be understood, however, that the courts will 
allow either party to an agreement to benefit through lapse of 
time from a fraudulent contract, although the lapse of an 
unreasonable time before suit is entered by the defrauded party 
will have the effect of affirming the contract. In other words- 
the law reasonably requires that in case of either fraud or 
breach of contract a prompt recourse to the courts shall be had. 
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66. Removal of Statutory Bar to Right of Ac¬ 
tion. While statutes of limitation are a bar to a right of 
action or recovery in the courts, they do not act to extinguish 
the claim, and hence notwithstanding the time in which suit 
may be entered has elapsed, the right of action may be revived 
by (a) a promise to pay the debt; (d) a subsequent acknowl¬ 
edgment of the debt; or (c) a part payment of the debt. 
In other words, any acknowledgment on the part of the debtor 
of the existence and legitimacy of the claim, after the right of 
action has been barred by the statute of limitations, serves to 
revive the claim for another like period. This acknowledg¬ 
ment of the existence of the debt, in order to serve to revive its 
legal status is not merely a recognition of the fact of the debt, 
but must consist in an agreement to pay the debt. 

After such a removal of the bar to the right of action, suit 
may be entered upon the original contract by showing that the 
claim has been revived by the free act of the debtor. In other 
words, the debtor has here waived his legal rights of defense, 
and such a waiving of his rights does not require a consideration 
to support it, as was shown in Art * 7 , 
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PART II. 


General Clauses in Engineering Sped 
fications and Accompanying 
Documents. 


67. General Considerations. Nearly all the works 
designed by engineers and architects are executed by other 
parties called contractors. The contractor usually buys all the 
materials and furnishes all the labor required in the execution 
of the work, as designed, and he agrees to do this within i 
stated time and for a fixed sum. To insure his doing this sat¬ 
isfactorily certain written documents are prepared and signed 

by both parties, that is to say, by the man, company, or corpo¬ 
ration having the work done and who is to pay for the same, 
and by the contractor, or the man, company, or corporation 
who does the work and furnishes the materials. 

Standing between these two pnttie, to an agreement i, the 
engineer or arehileet who has planned the work and who 
esna ly s.perintends its execntion and assists in the final settie- 
tnen, between the paities to Bte agreement. Although paid by 
ae party ha.rngthe work done he occupies a Judiei.l and not. 
parttsan positron and he is expected to act Justly and fairly 
towards both parties. ^ 

In order that there shall be no misn.derslanding fa „g.rd 
fa tb .nmntrons o, ,h. designer, plan, „s„.„ydLn sh„"- 
tng the general and detail fean,,,, 

rs'fa:e!::r:;rr 

used, of the ttme and manner of the p.y„.e„«. 
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etc. This document is called the specifications. The draw¬ 
ings and this description are then referred to as the flans and 
sfecifications. 

In order to get open and general competition in doing the 
work a date is set on which bids will be received, and blank 
forms offrofosals are prepared by the engineer which can be 
filled out by the bidders^ and notices or advertisements are 
inserted in the papers and in the engineering journals calling 
the attention of contractors to this public letting. These and 
other accompanying documents will be discussed in the order 
of their sequence in actual practice. 


ADVERTISEMENTS. 

68. The advertisement should be as short as possible 
to contain the necessary information, in order to save expense. 
It should usually contain the requisite information on the fol¬ 
lowing subjects: 

(i) A title indicating the kind of work to be done. 

( 3 ) Place, date, and hour of opening the bids, 

(3) Person, company, or corporation letting the work. 

(4) An adequate description of the work, with especial 
reference to the kind and quantity (or cost) of work to be done. 

(5) Conditions of payment, if these are peculiar. 

(6) Instructions as to where to obtain plans, specifica¬ 
tions and blank forms of proposals. 

(7) Statement as to amount of cash or of certified check 
or of bond to accompany the bid. 

(8) A reservation of the right to reject any or all bids. 

(9) Any other peculiar feature, as the letting of the work 
in parts or as a whole; bids to be received only from experienced 
contractors, etc. 
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59. The Theory of Advertisemeate. The object 
of the advertisement being to secure as large a competition as 
possible from responsible bidders, it follows that the infortua- 
tion conveyed in it should be such as not only to attract the 
attention of such parties, but such as would enable them to 
decide whether or not it would be worth their while to submit 
a bid. A prominent title indicating tiie general character of 
the work would serve to attract the attention of contractors 
engaged in that line of work. It is a common practice to omit 
this title, with the result that one is obliged to mad nearly the 
entire advertisement, which is usually printed in small type, 
before he can leam what the nature of the work is. It it usual 
also to announce that the proposals or bids which are to be sub- 
mitted shall be sealed, with the implied understanding that these 
seals are not to be broken until the bids are opened at the place, 
date, and hour named. This is for the purpose of preventing col* 
lusion and fraud. In other words the bids are to remain secret and 
unknown except to the bidders themselves until the hour arrives 
for opening them. It is also customary to state that these bids 
or proposals shall be opened in the presence of the bidders, in 
other words at an open meeting of the board, or committee, or 
corporation, or council. To this meeting all person, are free 
to come and see the bids opened, and to hear them publicly 

read, with the privilege of taking down the prices named if 
they choose. 

h of the work included in the advertisement 

should be sufficient to enable the contractor to decide whether 
or not It was of such a character as he would he willing to 
^dertake and also sufficient to enable him to rletermine the 
n o wor to e done, and the time rcquireri to perform 

. ° required to successfully prosecute it. 

The advertisement should also i i ^ 

work woulH 1 . • ^ the 

would bo let pun. 
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let in parts, the advertisement should indicate what the lines of 
division are, so that one might know what parts he was at lib- 
erty to upon. It is customary to pay for contract work on 

montlily estimates of the engineer, reserving from each month’s 
estim ate of the worth of materials furnished and work done twenty 
or twenty-five per cent, until final completion. This enables the 
contractor to carry out the work without having the requisite 
capital to complete the work with his own means. If the con¬ 
ditions of payment are to be other than this, thus making them 
unnsnal and peculiar, such conditions should be stated in the 

advertisement. 

'J:J.SL'ving drawn the attention of contractors to the work 
ancl g-iven them the necessary information to enable them to 
decide whether or not they would wish to submit bids upon the 
same, it remains to give them such information as may be nec¬ 
essary to enable them to procure promptly the necessary plans 
and specifications, the blank forms of proposals, and informa¬ 
tion as to the amount and kind of guarantee which they must 
submit with their bids to have them considered. 

&Cy. The Guarantee. The object of the guarantee is 
always to insure that the successful bidder, or the party who is 
given the contract, will sign the contract for doing the work 
and furnish the requisite bond for faithful performance. In 
other words this guarantee is simply an assurance of his good 
faith and honest intentions in submitting his bid, and it is cus¬ 
tomary to make it consist of cash or the equivalent of cash in 
the form of a bank check duly certified by the bank as being 
receivable for the amount stated. This check is to be made 
payable to the party letting the work, or his agent, and is to be 
forfeited to such party in case the bidder fails or refuses to 
enter into a contract for the performance of the work after the 
award has been made to him. The deposits made by the 
unsuccessful bidders are, of course, immediately returned to 
them, and that of the successful bidder is held until he has 
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entered into a contract as above stated, after which it is also 
.returned .to the owner. Sometimes it is considered a hardship 
for the bidders to have to make this cash deposit in submitting 
their bids, in which case the bidders are asked to furnish a 
bond or guarantee signed by parties known to be responsible, 
binding themselves in a stated sum, which sum they agree to 
pay if the bidder named therein fails to enter into a contract for 
the faithful performance of the work.* Some such guarantee 
as this should always accompany every bid received in open 
competition. AVhile this might not be necessary for men of 
known business integrity, yet in an open competition bids will 
be received from strangers, and without this kind of an assur¬ 
ance of honest intention the successful bidder will often refuse 
to enter into a contract on the basis of a bid. In this case the 
handing in of a bid would involve no financial responsibility, 
and hence bidders might carelessly submit bids without having 
taken due precautions to determine the cost of the work, and 
hence might have made a price altogether too low and one 
which would involve serious losses on their part if they w^ould 
undertake to carry out the work for the sum named. In case 
such a party should receive the award and then after more 
careful investigation learn that the work could not be per¬ 
formed for the price named in the bid he would decline to enter 
into a contract and the letting would have to be made over again. 
This would necessitate readvertising the work, and a consider¬ 
able delay, in addition to some cost. It is desirable therefore 
always to require a certain guarantee of good faith which shall 
accompany the bid itself, and which shall involve considerable 
loss to the bidder if he declines to enter into a contract in case 
the work is awarded to him. 

01. Riglll} of Rejoction. It is well always in the 
advertisement to reserve the right to reject any or all bids, for 

♦Or the agreement may be to pay the difference between the price named and tha 
contract price for which the work may finally be let. 
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if this is not done the fair inference is that the contract will be 
let to the lowest bidder. In some instances, when the work is 
done under state or city auspices, the law may require that the 
contract shall be let to the lowest bidder if let at all. In this 
case the advertisement should state that “the right is reserved 
to reject all bids,” since if parties should not choose to let the 
work to the lowest bidder their only recourse would be to reject 
all the bids and advertise the work again. If the parties letting 
the work are not bound by this legal requirement, and if they 
have reserved the right “to reject any or all bids” in the 
advertisement, then they are at liberty to let the worjr to any 
of the bidders without subjecting themselves to a charge of 
unfairness. It must be admitted, however, that if the work is 
not let to the lowest bidder, the parties letting the work subject 
themselves to invidious criticism, and they should have very 
good and satisfactory reasons which they are willing to produce 
in defense of their action, in order to clear themselves from 
blame before the various parties interested in the letting of the 
work. 


62. Illustrative Examples. The following adver¬ 
tisements have been selected from the current journals as fairly 
embodying in suitable form the requirements as above stated. 
The student should note the terse and condensed style of these 
advertisements in which the greatest possible amount of valuable 
and required information is given clearly but in the least possi- 
ble space: 


Celina, Ohio, Water-Works— Notice to Contrac¬ 
tors.— Sealed proposals will be received by the trustees of the 
water-works of the village of Celina, Ohio, up to 8 o’clock p. 
M. of the loth day of April, 1895, for furnishing the materials 
and constructing a system of water-works for said village. _ 

There will be required about 773 tons of cast iron pipe; 
about 18 tons of special castings; loi fire hydrants; 76 valves 
and boxes; brick pumping station and chimney; 2 punops ot a 
combined capacity of two million gallons per day; 3 boilers; 
a steel stand-pipe 16 feet in diameter and 125 feet high, etc. 
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Bids will be received for furnishing any of the materials 
above or for constructing the works complete. Proposals must 
be addressed to the Secretary of the Water-Works Trustees, 
Celma, Ohio, and must contain a certified check or its equiva¬ 
lent, made payable to said secretary in an amount equal to two 
(2) per'cent, of the amount of the bid. 

Plans may be seen and specifications and blank form of 
propsal procured at the office of the trustees, Celina, Ohio, or 
at the office of the engineers,-, Buffalo N. Y. 

The right is reserved to reject any and all bids. ’ ' ‘ 

—-, Pres., 

Trustees of the Water-Works, Celina, Ohio. 

» Buffalo, N. Y., Engineers. 

Lathing and Area’Gratings.— 
Office of Building of Library Congress, 145 East Capitol 
street, Washington, D. C., November 12, 1894.— Separate 
sealed proposals for furnishing, delivering, and putting in place 
complete the iron furring and lathing required for the ceilines, 
petitions, etc., m the first, second, and attic stories, and for 
toe iron gratings and tile lights required for the areas of the 
Building for Library of Congress in this city, will be received 
at this office until 2 o’clock p. m. on Tuesday, the 27th day of 
f u-jj >“i®®d>ately thereafter in presence 

oi bidders. Specifications, general instructions and conditions, 

this office P’^^PO®^! “ay be obtained on application to 

Superintendent, and Engineer. 

Notice TO Sewer Contractors— Sealed proposals for 

8 P’P® sewers in sections 7 and 

8 of the Medford sewerage system will be received by the com- 
missioners. of sewers at their office until 4145 p. m., Saturday 
March 30, 1895. All proposals must be on forms furnished by 
fte city and accompanied by a check of five hundred (300) 
dollars drawn on some national bank, and made payable to the 
treasurer of the city of Medford. Some approximate quantities 
are as follows: 20,477 bn. ft. of pipe sewer; 18,081 cu. yds. 

67 manholes aggregating 
p8.2vert. ft. Bricks, pipe, cement, and iron work wdll be 
Plans may be seen, specifications and 
forms of contract and proposals may be obtained at the office 
of the commissioners. Each bidder is required to make a 
statement indicating what sewer work he has done, and to give 
reference that will enable the board to judge of his business 
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standing; and no bid will be received in case the bidder has 
not looked the work over on the ground. The commissioners 
reserve the right to reject any or all bids, if they deem it to the 

interest of the city so to do.-, 

Chairman Commissioners of Sewers. 

-— -, Engineer, Med.ford, Mass., March i8, 1895. 


The following advertisements are given as examples of 
extreme brevity, but since they appeal to a particular class of 
contractors, accustomed to do such work, they perhaps convey 
all the information really necessary to give in the advertisement: 

To Builders. —Office of the Light-House Engineer, 
Eighth District, New Orleans, La., March 20, 1895. Pro¬ 
posals will be received at this office until 2 o’clock p. m., Wed¬ 
nesday, the ist day of May, 1895, for furnishing the materials 
and labor of all kinds necessary for the construction, erection, 
and delivery of the buildings for the Brazos River Light Sta¬ 
tion, Texas. Plans, specifications, forms of proposal, and 
other information may be obtained on application to this office. 
The right is reserved to reject any or all bids, and to waive any 

defects.-, Major, Corps of Engineers, U. S. A., 

Light-House Engineer. 


Office of Engineer, Ninth and Eleventh Lighthouse 
Districts, Detroit, Mich., March 25, 1895.—Sealed proposals 
will be received at this office until 3 o’clock p. m. of Monday, 
the 15th day of April, 1895, for furnishing seven skeleton iron 
towers for Hay Lake Channel, St. Mary’s River, Mich. 
Plans, specifications, forms of proposals, and other information 
may be obtained on application to the undersigned. The right 
is reserved to reject any or all bids, and to waive any defects. 

--—-j Major Corps of Engineers, U. S. A., Lighthouse 

Engineer. 

Office of the Commissioners, D. C., Washington, D. 
C., March 28, 1895.—Sealed proposals will be received at this 
office until ii o’clock a. m., April 5, 1895, for grading and 
regulating streets and roads. Blank forms of proposals, 
specifications and all necessary information may be obtained at 
this office.-,-,-» Commis¬ 
sioners, D. C. __ 

U. S. Engineer Office, 537 Congress street, Portland, 
Me., March 4, 1895.—Sealed proposals for dredging in Har- 
risseckit river. Me., and Bellamy river, N. H., will be received 
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here until 3 p. m., Monday, April 13, 1895, and then publicly 
opened. All information furnished on application. — 
-^—, Major Engineers. 


Proposals for Construction of dams and shore protec¬ 
tions on Upper Mississippi river, between Muscatine, Iowa, 
and New Boston, Ill. U. S. Engineer Office, Rock Island, 
Ill., March 16, 1895. Sealed proposals will be received here 
until 2 p. M., April 15, 1895, and then publicly opened. All 
information furnished on application. 


U. S. Engineer Office, Boston, Mass., Feb. 25, 1895. 
Sealed proposals for dredging in “The Narrows,’’ Boston 
Harbor, Mass., will be received here until noon, April2, 1895, 
and then publicly opened. All information furnished on appli- 
cation.-, Lt. Col. Eng’rs. 


INSTRUCTIONS TO BIDDERS, 

63. Preliminary Information. A description of 
many of the general conditions of the work and of the manner 
of letting it may well be grouped together and printed in con¬ 
nection with the blank forms of proposals. This information 
is usually placed under the title of “Instructions to Bidders.” 
A fair sample of such preliminary information is given below. 
All of this information might be, and often is, embodied in the 
specifications themselves, but they are here separated for 
greater clearness in the analysis of the various documents 
involved in the letting of an engineering contract: 

INSTRUCTIONS TO BIDDERS. 

FOR A WATER-WORKS SYSTEM AT THE U. S. MILITARY POST AT 
FORT RILEY, KAN. 

I. No bids will be received for any part of the work 
herein described from parties who can not show a reasonable 
acquaintance with, and preparation for, the proper performance 
of the class of work for which the bid is submitted. Evidence 
of such competency must be furnished if desired. 


2. PropcSMMSli>el|j^|il|^‘’«be,blank ,fprms to be 
obtained at this office. 

3. Bids will be fecei^^ as fqlhws :*• j< 

First. 0 »s«>eU 6 and colmeOtions complete to the wall of 
the pump pit. Bidders will state methods which they propose 
to use in sinking wells. 

Second. On boiler, coal and dwelling house, pump pit 
and reservoir with roof complete. 

Third. On all machinery including boilers, furnaces, 
stack, concrete floor in boiler and coal house, pump, connec¬ 
tions, suction and discharge pipes to the outside of pump pit 
wall, benches, tools, etc. Bidders must state what kind of 
pump they propose to furnish. 

Fourth. On the pipe system, complete with hydrants 
and valves, and to include the following items: 

(a) Price per foot for eight (8) inch mains. 

(i) Price per foot for six (6) inch mains. 

(c) Price per foot for four (4) inch mains. 

These items are introduced to cover any slight variations 
in lengths over or under the amounts herein specified, and con¬ 
tractors hereby agree to such extension or reduction at the 

prices named. , ., , 

Bidders may make in addition to the above a bid for the 

entire work complete. 

4. Each proposal must be accompanied by a written 
guaranty in the sum of $2,000 (executed strictly in accordance 
with the printed instructions, and upon the blank forms fur¬ 
nished under this circular), signed by two responsible persons, 

' to the effect that if the proposal is accepted within sixty days 
from the date of the opening of the proposals, the bidder will, 
within ten days after being notified of .such acceptance, enter 
into a contract and give bond with good and sufllcient sureties, 
and that in case of failure of the bidder to enter into contract 
and give bond, they will pay the difference between the amount 
of his bid and the amount for which contract may be made 
with another party.* 

5. The amount of the penalty of the bond to be furnished 
by the contractor will not be less than one tenth nor more than 
the full sum of the consideration of the contract. 

*ln place of this it it more common to require the bid to be accompanied by a 
certified check (or caih) for a specified sum, to be forfeited In case the bidder fails to 
enter into contract If the work is awarded to him. 
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FORMS OP PROPOSALS. 

64. The Object of Blank Forms of Proposals. In 
order to insure that all the bidders shall submit their proposals 
on exactly the same items and estimate prices in the same units, 
it is necessary to prepare printed blank forms to be used by all 
the bidders, these forms being complete in all respects except the 
prices and the names of the bidders. So important is it to have 
the bids exactly comparable in all respects that it is customary 
to reject all bids not made out on these printed fonns as well 
as all bids which, though made on the printed forms, have 
changed the conditions of the same in any particular, either by 
erasures, interlineations, or additional conditions. If the bid¬ 
der desires to submit a proposition in a different way or with 
other conditions than those stated in the printed form he should 
submit his bid on the printed form without correction or change 
and then append to his bid an auxiliary paper embodying such 
changes as he would wish to make, and the price he would 
submit if these changes were agreed to. In this way he com¬ 
plies strictly with the requirements by submitting a bid which 
is regular in every respect, and in addition submits what is 
practically another bid on a modified basis. While the modi¬ 
fied bid is, of course, irregular, and would not be considered in 
conjunction with the regular bids, it would give to the parties 
letting the contract the information which he desires them to 
have, and states the modifications which he would agree to if 
the bid were let to him on the basis of his formal and regular 
proposal. The work might then be let to him on the basis 
of his valid proposal, with the expectation of making the 
terms in the final contract in accordance with the bidder’s 
amended proposition. If the parties letting the contract, how¬ 
ever, should not choose to do this, the bidder would still be 
bound by his formal or regular proposal. The importance of 
making the bids strictly comparable in every respect is so very 
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essential to fair and intelligent treatment of the bidders them¬ 
selves, and so necessary in order to determine which is really 
the lowest bid, that the {practice of preparing and supplying 
such blank forms of proposals should always be followed. 

65 . Mannerof Letting the Work. Before such forms 
can be prepared, however, several questions must be decided, 
among which are the following: 

1. Shall the work be let as a whole, or shall it be let in 
parts. 

2. Whether let as a whole or in parts, shall bids be 
received for fixed sums for the whole or for the several parts, or 
shall they be received on a basis of certain suitable units of 
measurement. As, for instance, per cubic yard, as for earth 
work, per perch for masonry, per pound for iron'work, per 
square yard for street paving, per mile for railroad rails and 
ties, or per lineal foot for water pipe or sewers, etc. 

3. Shall the work &e let in such a way as to involve the 
payment of a bonus or additional sum for the performance 
above that required, and a corresponding reduction in price for 
a failure to meet the requirements. 

4. Shall the work be let for a certain price for the origi¬ 
nal construction, and a certain price per annum for maintenance 
for a given period. 

5. Shall the contractor be required to furnish all materi¬ 
als and perform all the labor, or shall the principal purchase a 
portion or all of the material and turn it over to the contractor 
for use in the construction of the work. 

60 , Contract Let as a Whole or in Parts. Some 

of the considerations in favor of letting work as a whole rather 
than in parts are: 

(tf) By this means one man or company alone is respon¬ 
sible for the faithful performance of the work both as to quality 
and as to time. This prevents a division of responsibility 
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which is always bad, and in the case of carrying out contract 
work is often the cause of failure to have the work completed 
within the time specified, without being able to locate the 
responsibility for such delay. Where there are several con¬ 
tractors upon the same piece of work, each may so stand in the 
way of another that the work may be greatly delayed, and yet 
each one of the several contractors may have a reasonable 
defense which would shield him from personal liability. 

(^) When there is but a single contractor the business is 
concentrated so that the work of the engineer or of the inspec¬ 
tors is greatly lessened from having to deal with one man 
instead of many separate contractors. 

(c) When several contractors are engaged upon the same 
work it is difficult for them so to plan their parts, in time, as to 
avoid a certain amount of delay whex*e the work of one is 
dependent upon antecedent work of another. When the work 
is done by a single contractor he can arrange to avoid such 
delays as are almost necessarily incident to the working of sev¬ 
eral contractors in sequence. 

(d) When the work is such as is commonly let in a single 
contract, or in other words, when bids can be received from 
parties who have been accustomed to carry out all parts of such 
a work, it is usually more economical to let the work in a single 
contract than it is to let it in parts. In the former case there is 
but one man to reap a profit from the construction, whereas if 
let in parts, each contractor must, of course, make his estimate 
in such a way as to allow himself a reasonable profit. 

Some of the arguments in favor of letting the work in 
parts are: 

(a) The project may involve constructions of such differ¬ 
ent kinds as to make it impracticable for one contractor to 
undertake the entire work. In this case the letting in parts is 
necessary to a skillful performance. 
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(«) Where there are local parties who are competent to 
execute portions of the work, but not the whole, and who are 
anxious to bid upon such portion, it may be wise to let the 
work in parts provided it is reasonably certain that competitive 
bids can be received on all the parts. Even in this case it is 
desirable also to receive bids upon the whole work, so that when 
the bids are opened it will appear which is the more economical 
method of letting. Even when it. is reasonably certain in 
advance that the contract will be let as a whole it is often wise 
to receive bids on the parts in order to satisfy local demands, 
and to avoid invidious criticism and public detraction. This is 
especially true in the case of public works, if the local bidders 
who wish to submit proposals on parts of the work, but who 
would be incompetent to bid upon the whole, are shut out by 
receiving bids only upon the entire project. 

67. Contract Let for a Fixed Sum or per Speci¬ 
fied Units. When the work to be performed under a contract 
is perfectly definite as to quantity, it is best to let the contract 
for a fixed sum. When either the quantity of work to be done 
or the quality or kind of material to be encountered, as in exca¬ 
vations, is more or less unknown and indeterminate, it is 
necessary to let such parts of the work at least, in terms of 
gome suitable unit of measurement. Thus in the case of exca¬ 
vation, the kind of material which will be encountered its always 
more or less uncertain, and the quantities to be moved are 
usually undetermined in advance. In various other lines of 
work, also, the exact quantities are not measured or computed 
in advance of the construction, so that in all such cases it is 
necessary to let tlie work per unit of measure. It is often 
wise, however, to assume a certain definite amount of work of 
each kind to be performed, and let the contract for a fixed sum 
on the basis of this assumption, providing for variations from 
these amounts in the blank form of proposal by requiring the 
bidder to state not only a fixed sum for the assumed total, but 
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also a price per unit of measure, in accordance with which the 
quantities assumed as the basis of the bid may be either 
increased or diminished, it being understood, however, that the 
quantity stated is approximately the amount of work to be 
performed. In this way it becomes known in advance about 
what the work is to cost, and if the quantities are changed 
somewhat these changes do not become a source of contention 
between the parties. 

In choosing the units of measure which shall serve as the 
items to which prices are to be affixed by the bidders, it is 
necessary to select and describe these units in such a way that 
they can not be misunderstood; thus in masonry it is better to 
use the cubic yard as a unit rather than the perch, since this 
latter has different values in different localities. Also it should 
be clearly defined in the proposal itself in what way these 
measurements should be taken, as, for instance, in masonry, 
whether all openings should be excluded, and in tunnel exca¬ 
vation that the measurement should include only the material 
excavated inside the given sectional boundaries, and in water 
pipe on which bids are received per foot in length for the 
various sizes, that the measurements should be taken on the 
center lines of such pipes, after they are laid, etc. Also in the 
case of the furnishing of materials, machinery, and appliances, 
the printed proposal should in<licate where the materia! is to l)e 
delivered and whether or not the machinery is to be erected. 
The failure to make the proposal clear in these and other 
minor particulars is often the cause of serious disagreements, 
provoking delays, and sometimes of considerable expense. 

68. Contract Involving a Specific Performance. 

When machinery is purchased on the basis of a specific per¬ 
formance, as in the case of pumping engines, steam boilers, 
steam ships, and the like, where a specific performance is made 
the basis of the contract price, it is customary and proper to 
provide for specific additional sums for stated percentages of 
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excess of performance over and above that which forms the 
basis of the bid, and also for stated deductions from the con¬ 
tract price for given percentages by which the performance 
fails to meet the standard. In this way the contractor is fairly 
paid for accomplishing more than he agreed to, and the pur¬ 
chaser obtains a fair reduction in price for any failure to reach 
the agreed standard. When a specific performance is made 
the basis of a contract without these agreed premiums and dis¬ 
counts, the purchaser is at liberty to refuse to accept the work 
at any price, in case of even a partial failure to meet the speci¬ 
fied i*equirements; while, on the other hand, if the contractor 
has far exceeded the specifications, he gets no benefit whatever 
for the enhanced value of the product. A specific perform¬ 
ance, therefore, when made the basis of the acceptance of a 
piece of contract work without these provisions for premiums 
and discounts is a very onesided and unfair contract, and its 
use should be discouraged by .engineers. 

In all cases where a specific performance is made the basis 
of a contract price, the conditions of tliis performance should 
be so clearly stated in the specifications, and the nature of the 
tests to determine this performance so distinctly described that 
no misunderstanding could arise when the time comes for mak¬ 
ing these tests. These descriptions belong in the specifications 
rather than to the proposals. 

69. Contract Including Maintenance. In the 
case of street pavements, especially where the material is new 
or untried, it is common to require the contractor to maintain 
it for a given period, at a stated price per annum. In this case 
this maintenance price must also be provided for in the pro¬ 
posal, as well as the price charged for first cost. 

70. Contract for the Work Only. It is often wise 
for the principal to purchase materials himself which shall be 
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used by the contractor in the carrying out of the work. Thus 
the principal may wish to use a particular kind or quality of 
material which he does not wish to describe specifically in the 
specifications, or which, if described, he can not well assure 
himself that the contractor will furnish. Especially is this the 
case with such materials as can not be clearly identified by 
ordinary methods of inspection; as, for instance, various kinds 
of paints, cement, iron and steel, paving brick, besides a great 
number of specialties in the line of manufactured articles and 
machines. Or, the contractor may not be able to purchase this 
material on as favorable terms as the principal, because of the 
greater risk involved in the sale of this material when the con¬ 
tractor must be looked to for payment. Thus, when the bid¬ 
ders are informed that the principal will furnish materials 
which would otherwise cost the contractor large sums of 
money, many contractors of small means would be encouraged 
to bid upon the work, who otherwise would not be able to 
handle it. For these and other reasons, therefore, it is fre¬ 
quently wise for the principal to purchase the material and turn 
it over to the contractor for use in the work. 

71. Proposal for Building a Dam, Spillway, 
Levee, Outlet Tunnel, and Overflow Chamber. 


To THE First New Mexico Reservoir and Irrigation Co. 
Roswell, New Mexico. 

GefzfIemeK;—The undersigned propose to do all the work 
and furnish all of the material in accordance with the printed form 
of contact and specifications, a copy of which is herewith 

annexed, and bind-, on the acceptance of this proposal, 

to enter into and execute a contract in the form of said enclosed 
specifications and contract for the execution of said work at the 
prices named below, to wit: 

Mxcavation: 

(a) Earth, including all forms of soil, or clay, per cubic 
yard-———, 

(- 5 ) Gravel and sand, including all forms and combina¬ 
tions of these materials, per cubic yard_ 

(c) Loose rock in open cut, including all kinds of loose 
rock not requiring blasting, per cubic yard_ 
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{d) Solid rock in open cut, including all kinds of rock 
requiring blasting, per cubic yard-. 

(^) Rock in tunnel, including all tunnel work to the 
outer line of the lining wall, if such be required, other¬ 
wise to the lines of the drawings, per cubic yard-. 

Fill: 

{a) Earth, clay, gravel or sand, not rolled, per cubic 
yard-— • 

{b') Same materials spread in courses and rolled dry, per 
cubic.yard-. 

(c) Same materials spread in courses, dampened and 

rolled, per cubic yard-. 

Same materials spread in courses, pulverized, har¬ 
rowed, wet dowti and rolled thoroughly, per cubic 
yard-—-. 

(^) Clay and gravel mixed in layers, harrowed, wet • 
down and rolled thoroughly (clay puddle), per cubic 
yard-- 

(y) Loose rock dumped or thrown in as in temporary 
dam, per cubic yard-. 

(^) dam, per cubic yard- 

(/^) Facing rock laid dry wdth close joints for distance 
of 4 inches from surface and rammed, per cubic 

yard--. 

Masonry: 

{a) Rubble masonry laid in Portland Cement Mortar, as 
descrilted, per cubic yard-. 

(^) Masonry lining of tunnel, as described, per cubic 
yard, actual volume-. 

(c) Dimension stone masonry, laid in Portland Cement 
Mortar, as described, per cubic yard-. 

Enclosed is a certified check for five hundred dollars; 
which sum is to be forfeited to the First New Mexico Reservoir 
k Irrigation Co. if the party or parties making this proposal fail 
to enter into contract, with approved securities, within fifteen 
days after the contract is aw'arded to said pai'ty or parties- 

Rcspectfully, 

(Signature and address of contractors.) 


St. Louis, Mo.,-'- -1890. 

NoTK.—Each hid shall ho placed in a sealed envelope addressed to 

_ President First Now Mexico Reservoir & Irrigation Co /' care of 

n -' Consulting Engineers,-, St. Louis, Mo.," and shall be 

indorsed'Troposal for building Bam, etc." • U4. 

The First New Mexico Eeservoir & liTigation Go. reserves the right 
to reject any or all bids. r p 1 ? 
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72. Proposal Bond. In lieu of a cash deposit accom¬ 
panying the bid as a guarantee of good faith and of intention 
to enter into contract, if the same be awarded to the party, a 
bond may be received, duly signed and certified, which will 
insure either the signing of the contract, or the payment of 
such damages as may result from a failure to sign. These 
damages would usually be measured by the difference between 
the amount named by the party furnishing the bond, and the 
sum for which the contract might finally be let, and this is 
usually named as the amount of the forfeiture under the bond. 
It is the usual custom of the United States Government to 
require a bond of this sort rather than a cash deposit. It is 
evidently a less hardship upon the contractor to furnish such a 
bond. The following is the form of this document as used by 
the United States Government: 

Proposal Bond or Guaranty. 

We,-, of-, in the State 

of-, and-, of-, 

in the State of-, hereby guai'antee and bind 

ourselves and each of us, our and each of our heirs, executors 

and administrators, to the effect that if the bid of- 

herewith accompanying, dated-, 1S94, for furnishing 

all materials and labor, and constructing the Power House and 
Office Building for the 8oo-ft. Lock at St. Mary^s Falls Canal, 
shall be accepted, in whole, or in part, within sixty (60) days 
from the date of the opening of proposals, the said bidder—, 

-will, within ten (10) days after being notified 

of such acceptance, enter into a contract with the United 
States in accordance with the terms and conditions of the 
advertisement, and will give bond with good and sufficient 
sureties for the faithful and proper fulfillment of the same. 
And in case the said bidder— shall fail to enter into contract 
within the said ten (10) days with the proper officer of the 
United States, and furnish good and sufficient bond for the 
faithful performance of the same according to the terms of said 
bid and advertisement, we and each of us hereby stipulate and 
guarantee, and bind ourselves and each of us, our and each of 
our heirs, executors and administrators, to pay unto the United 
States the difference in money between the amount of the bid 
of the said bidder—, and the amount for which the proper 
officer of the United States may contract with another party to 
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furnish said materials and labor and construct the I^)vver f louse 
and Office Building as specified, if the latter amount he in 
excess of the former, for the whole work covered by the 
proposal. 

Witnesses : 

-, —-- [■ seal] 

Dated---, 1894. 

[Executed in triplicate.] 

JUSTII^ICATION OF GUAHANTOKS. 


State of ■ 


County of- 

I,- 


:} 


ss. 


one of the guarantors named in the within 
guaranty, do swear that I am pecuniarily worth the sum of 
forty thousand dollars, over and above all my debti and 
liabilities. 


[Signature of Guarantor]— 

Before me, 

[Signature of Officer administering oath, with seal, 


if any”! 


State of- 


County of- 
Ir 


:} 


SS. 


, one of the guarantors named in the within 
guaranty, do swear tliat I am pecuniarily worth the sum of 
forty thousand dollars, over and above all my debts and 
liabilities. 

[Signature of Guarantor]-— 

Before me, 

[Signature of officer administering oath, with seal, if any.] 


CEKTIFICATK. 


Ir 


do hereby certify that- 


and--—, the giianintor.s al)ove named, ar<‘ person¬ 

ally known to me, and that, to the best of my knowledge* and 
belief, each is pecuniarily worth, over ami above all his debts 
and liabilities, the sum stated in the accompanying ailidavit 
subscribed by him. 

[Signature of certifying official. 

NoTE.-^Phe caaiifieate may be given ®ei>arately m io each guar 
antor, and modiiied accordingly. ^ 

U. S. Eng, Coiifi* 
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ENGINEERING SPECIFICATIONS. 

73. Engineering Specifications Defined. Engi¬ 
neering specifications consist of a series of specific provisions 
each one of which defines and fixes some one element of the 
contract. These clauses relate, in general, 

First: To the work to be done. 

Second: To the business relations of the two parties to 
the contract. 

In the first sense, the specifications supplement and explain 
the plans (if there be any) and define the character of the 
materials and the methods to be employed on the work, or if 
unaccompanied by plans they embody the principles and rules 
in accordance with which the plans must be drawn and the 
work executed. In this sense the specifications enable the 
bidder to estimate the cost of the proposed work and after the 
contract is let they serve as the rules of inspection and accept¬ 
ance of such work. 

In the second sense the specifications define the rights and 
duties of the two parties to the contract to each other and 
embody proper provisions for changes in the plans, and for the 
settlement of disputes which may arise; they also describe the 
conditions of payment, acceptance, etc., etc. 

74. Classes of Specifications. There may be said 
to be three general classes of engineering specifications : 

(a) Specifications accompanying complete detail plans; 

(^) Specifications accompanying a general plan only. 

(c) Specifications unaccompanied by any plan, and com¬ 
monly known as General Specifications. 

All of these classes of specifications are in common use 
and each has its own particular sphere of usefulness. 

(a) Thus when the design is novel, or when the engineer 
wishes a particular design carried out, he usually prepares full 
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detail plans, or drawings, showing how all parts of the proposed 
work shall be done. 

In the case of public works, also, when the law requires the 
contract to be let in open competition, and also specifies that it 
shall be let to the lowest bidtlcr, it is almost necessary to pre¬ 
pare full detail plans in order to avoid an inadequate or inferior 
design being put into competition with better ones, and, from 
its diminished cost, receiving the contract. 

(^) If the engineer can limit the bidders to a selected 
class of reliable contractors, who have reputations to lose if 
they should do inferior work, he may prepare very general 
plans only and allow tlie contractor to make the details to suit 
himself, in accordance, liowever, with certain specilic require¬ 
ments as given in the specifications, and subject to the approval 
of the engineer. 

(^c) If the engineer is indifferent as to even the general 
design, provided the finished work inswers equally well certain 
prescribed demands, as given in a set of general specifications, 
he may not prei>are any plans whatever, but leave the contrac¬ 
tor (who must now also he chosen by the engineer or only 
responsible parties allowed to l)id) to use any design he may 
choose, such designs to l)e Bul)mitied, liowevcr, with ins bid, 
and this, together with the general specifications to form the 
basis of the contract. 

75. General and Specific Clauses. Any specifica¬ 
tion may be said to lie compo.sed of two kinds of clauses, gen¬ 
eral and specific. 

All those clauses which relate to the Inisincss portion <j'i 
the contract, or which go to define the relations of the parties 
to the civil contract as a business proposition, may lie said to 
be the general clause^. 

All those clauses which are descriptive of tlie engineering 
or structural features of the design, either as explanatory of the 
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plans, or of the materials to be used, or of the methods to be 
employed, may be called the specific clauses. 

Since the general clauses are common to all kinds of 
specifications, they will be discussed first. 


THE GENERAL CLAUSES IN SPECIFICATIONS. 

76 . The General Clauses in Specifications may 
relate to any or all of the following subjects: 

(1) Time of commencement, rate of progress, and time 
of completion of the work. 

(2) As to the character of the workmen to be employed. 

(3) Suitable appliances to be used. 

(4) Monthly estimates of work done and payments to be 
made. 

(5) Provision for inquiring into the correctness of the 
monthly estimates. 

(6) Reserving a certain percentage as a repair fund, for 
a stated period after completion. 

(7) Conditions of the final estimate. 

(8) Engineer's measurements and classifications final 
and conclusive. 

(9) Determination of damages sustained by failure to 
complete the work within the time agreed upon, or as extended. 

(10) The discharge of unpaid claims of work men and 
material men. 

(11) No claims for damages on account of suspension of 
work. 

(12) No claims for damages on account of delay. 

(13) No claims on account of unforeseen difficulties. 

(14) Protection of finished work. 

(15) Protection of property and lives. 

(16) Protection against claims for the use of patents. 

(17) Assignment of contract. 
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(18) Contrn.’tor not released by suhcoulrai ts. 

(19) Abandonment of contract. 

(20) Cancellation of contract for default of contractor. 

(21) Workmen’s quarters and other temporary buildings, 

(22) Cleaning up after completion. 

(23) Removal of condemned material, 

(24) Relations to other contractors. 

(25) Provision for drainage. 

"(26) Provision for public traffic. 

(27) Contractor to keep foreman or head workman, and 
also copy of plans and specifications on tlie ground. 

(28) Cost of examination of completed work. 

(29) Faults to be corrected at any time before final 
acceptance. 

(30) Surveys, measurements, and estimates of quantities 
not guaranteed to be correct, 

(31) The contract subject to interpretation and change 
by the engineer. 

(32) Settlement of disputes. 

(33) Extra work. 

(34) Definition of *‘Engineer’* and “Contractor/^ 

(35) Documents composing tlie contract. 

(3b) Meaning un<lerst<KHl. 

(37) Provision for Arbitration. 

(38) No Wbiivcr of Ia*gal Kiglit. 

77 . Explanatoiy Note. In all that followii on the 
■subject of specifications, after ex|>laining and discussing a given 
■subject, one or more illustrations will he given in solid type, 
from actual specifications, together with the initials of the 
author. The full name and professional ngiaguMuent <>l the 
author can then be fouml l>y referring to the /u*y U Persimal 
References, page 5. In general the latest I'lrjicfice only of tlie 
engineers quoted in this way will be citCiL It most also ht 
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understood that in every case the gentlemen so quoted have 
themselves selected the sample specifications used and have 
consented to such use. 

78. Time of Commencement, Rate of Progress, 
and Time of Completion of the Work. It is usual to 
make the time of commencement of the ^vork as soon after the 
signing of the contract as is thought practical, as, for instance, 
ten, fifteen, or thirty days, depending on the character oi the 
work. 

The rate of progress is specified in order to give the engi¬ 
neer authority for canceling the contract if the rate of progress 
is such as to indicate that the contractor will certainly be unable 
to complete the work on time, or at all. Thus he may be 
obliged to abandon the work altogether, or he may choose to 
do so, in which case, if rate of progress is specified, the parties 
of the first part need not wait for the full time for completion 
to arrive before being able to take the work from the hands of 
the contractor and complete it by hiring the labor and purchas¬ 
ing the materials, or by reletting it to another contractor. 

The time of completion is nearly always stated, and 
while the time allowed should be ample it should be only such 
as is required when a reasonable degi'ee of diligence is exer¬ 
cised on the part of the contractor. 

If, for any sufficient reason, the contractor is delayed in 
his work, for reasons beyond his control, the time of comple¬ 
tion is usually extended by the principal by a corresponding 
length of time, and then this extended period fixes the required, 
or specified date of completion. 

And the said party of the second part further agrees that 
he will commence the work herein contracted to be done 
within twenty days from the date of this contract; that the rate 
of progress of his work shall be such as, in the opinion of the 
Engineer, is necessary for completion within the time herein 
specified, and that he will so conduct the said work that on or 
before July i, 1S99, the whole work covered by this contract 
and specification shall be entirely completed. A. F. 



THE GENEBAIi CLAUSES IN SPECIFICATIONS. 


79. As to the Character of the Workmen to he 
Employed. order to secure good work it is necessary to 
employ skilled workmen. The engineer must therefore have 
some control over the character of the labor employed by the 
contractor. This is obtained by specifying that only skilled 
labor shall be employed and giving to the engineer the power 
of discharge over any laborer, mechanic, foreman, or superin¬ 
tendent employed by the contractor on the work. It is also 
customary to provide that this power shall extend to cases of 
disobedience of instructions, impudence to engineer or inspect¬ 
ors, drunkenness, etc., as shown in the following illustration: 

And the said party of the second part further agrees to 
emplov only competent, skillful men to do the work; and that 
whenever the Engineer shall inform said parly of the second 
part in writing that any man on the work is, in his opinion, 
incompetent, or unfaithful, or disorderly, such man shall be 
discharged from the work, and shall not again be employed 
on it. A. b . 

80. Suitable Appliances to be Used. If not pre¬ 
vented by a special clause in the specifications, contractors who 
are unprovided with suitable mechanical appliances for doing 
the work properly will often undertake to perform the work 
with cheap and inadeejuate means, which would necessarily 
result in faulty construction, or in delaying the work. It is 
customary, therefore, to prescribe that all ai)pliances shall be 
suitable and ade(|iuite to the purpose, and subject to the 
approval of the engineer. It is not wise, however, to specify 
particular metliods or nK^ans of doing the work, since if for 
any reason a |)artial failure should result, the contractor will 
endeavor to obtain personal release by charging failure to the 
specified appliances or methods. A specification like the fol¬ 
lowing is therefore recommended. 

The contractor is to use such methods and appliances for 
the performance of all tlie operations connected with the work 
embraced under this contract as will secure a satisfactory quality 
of work and a rate of progress which, in the opinion of the 
engineer, will secure tlte completion of tlie work within the 
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time herein specified. If, at any time before the commence¬ 
ment, or during the progress of the work, such methods or 
appliances appear to the engineer to be inefficient or inappro¬ 
priate for securing the quality of the work required or the said 
rate of progress, he may order the contractor to increase their 
efficiency or to improve their character, and the contractor 
must conform to such order; but the failure of the engineer 
to demand such increase of efficiency or improvement shall not 
relieve the contractor from his obligation to secure the quality 
of work and the rate of progress established in these specifi¬ 
cations. A F 

81. Monthly Estimates of Work Done and Pay¬ 
ments to be made. It is customary, in all kinds of engi¬ 
neering construction, for the engineer in charge to estimate at 
the end of each month the quantity of material furnished on 
the ground, and of work done. These estimates are approxi¬ 
mate only and serve as a basis for making monthly payments to 
the contractor. It is customary to reserve from ten to twenty- 
five per cent, of these monthly estimates until the final comple¬ 
tion of the work. By means of these monthly payments the 
contractor is enabled to carry on the work to final completion 
with a much smaller capital than would be required if no pay¬ 
ments were made until the work was finished. The percentage 
reserved from the monthly payments is intended to serve as a 
guarantee of final completion, and as a fund to draw upon 
when the time of final settlement arrives, for the payment of 
damages r esulting from the work not having been performed 
within the specified time, or for other purposes as indicated 
subsequently in these general specifications. In the matter of 
payment for materials furnished, but not incorporated finally 
into the work, it js usually considered safe to include in the 
monthly estimates all materials delivered, either upon the 
ground, that is to say along the line of the work, and subject to 
the inspection and comrol of the engineer, and also to pay for 
materials and machinery furnished and stored where they are 
under the control and subject to the inspection and approval of 
the engineer. Of course no material would be included in ' 
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hese monthly estimates which had not been duly inspected and 
iccepted.* The following is a common form for this speti- 
ication: 

In order to enable the said contractor to |)r<)secute the 
vork advantageously, the engineer shall, once a month, on or 
ibout the last day of each month, make an estimate in writing 
the amount of work done, and materials delivered to l>e 
ised in the work* and of the value thereof, according to thr 
erms of this contract. The first such estimate shall be of the 
imount or quantity and value of the work done ami mat<‘rials 
lelivered since the party of the second part commence<l the 
performance of this contract on his part. And every subse- 
luent estimate (except tlie final one) shall be of the amount or 
quantity and value of the work done since the last preceding 
istimate was made. And such estimates of amount and <pian- 
ity shall not be required to be matle liy strict measurement or 
vith exactness; but they may, at the option of the engineer, be 
ipproximate only. 

Upon each such estimate lieing made the parties of tire 
irst part will pay to the party of the second jiart tlie following 
jroportions or percentages thereof, to wit: 

85 per cent, thereof up to and until sncli time as tlie total 
istimated value of the w^irk done and materials <lelivered shall 
imount to $1,000,000. 

90 per cent, thereof after the total estimated valm* f>f 
aich work and materials delivered shall have atnounled lo 
pi,000,000, until the ]>arly of tin* first |)ai1 shall have fully 
md completely performed this c<mtract of Ins part. 

A. h\ 

82. Provision for Inquiring into tlie Corrotd, 
less of the Monthly Estimates. The numthly estimates 

iiade by the engineer acting as the ag<mt of tin* |iarty of the 
irst part, may be held to he binding upon tliis partv, in mise 
le has either made a mistake in the c|uantify of work rionc*, or 
material furnished, or has entered into tadlu.sion with the 
:ontractor, and rendered false returns. Sinec* the engineer is 
;he agent of tlie party of tlie first [lart, his acts wmild bind his 
Drincipal, after payment liad been made (Ui the same, if it were 
lot expressly provided tliat the party of tlie first |>art shall not 
le estopped, or prevented, from ileterrnining liy other means 

*If payment is made upon nueeri.*!’. fm-niahra f?srn a afuailil hr 'jpriTjK .illy 
itated that all such materials become tli'* pa-iipenv >4 ihe puiav the rii'*a pan ah soon 
IS delivered and accejned. 
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the amount of work done and material furnished. In other 
words the party of the first part should not necessarily be bound 
by either the monthly or final estimates rendered by his agent, 
and which are intended to serve as the basis of payment. It is 
understood, of course, that the contractor also has this privilege 
of inquiry and proof of the correctness of the estimates.* 
In New York City clauses like the following are common. 

And it is hereby ekpressly agreed and understood by and 
between the parties hereto that the said parties of the first part 
their successors and assigns, shall not, nor shall any depart¬ 
ment of the City of New York, be precluded or estopped by 
return or certificate made or given by any engineer 
inspector, or other officer, agent or appointee of said Aqueduct 
Commissioners, or of said parties of the first part, under or in 
pursuance of anything in this agreement contained, from at any 
time showing the true and correct amount and character of the 
work which shall have been done and materials which shall 
have been furnished by the said party' of the second part, or 
by any other persons under this agreement. 

A. F. 

83. Reserving a Certain Percentage as a Repair 
Fund, for a Stated Period after Completion. In 

order to provide foi inherent defects in the work which may 
not appear on the surface, or until after the construction has 
been in service for some time, it is often desirable to retain a 
portion of the total cost of the work for a .specified period 
of time, on which sum the party of the first part is authorized 
under the specifications to draw for the repairing or 
correcting of any and all faults or defects which may become 
apparent by use within the specified period. It is usual, how- ' 
ever, to give the contractor the privilege of making such repairs 
under the direction, and subject to the approval, of the engi¬ 
neer, in place of having the engineer make such repairs and 
charge them against the reserve fund. This clause may read 
as follows. 

The contractor hereby further agrees to make all the 

needed repairs on the said work during a period ot_^months 

after its final completion; and he hereby further agrees that the 

* If the contractor is precluded from going back of the engineer's certificate or 
decision, then the owner should al.so be bound by the same, and in this case this clause 
would probably not be su.stained by the court.s. The engineer is now an arbitrator and 
as .such his decisions must bind both neither. 
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nartv of the first part is authorized to retain out of the moneys 
navable or to become payable, to him. under this agreement, 
the stim^of five per cent, on the amount of the contract, and to 
expend the same, or so much thereof as may be reciuired, m 
makine the aforesaid repairs to the satisfaction of the enKnnecr, 
if within three days after the delivery or mailing of a notice m 
writing to the contractor, or his agent or attorney, he or tht^ 
•shall neglect to make the aforesaid needed repairs; and he 
hereby further agrees to be responsible for any accident that 
may occur on account of the defective condition of the work. 


84. Conditions of the Final Estimate. If, in 

the opinion of the engineer, the contractor has completed his 
work in all respects in accordance with the terrn<s of the con¬ 
tract, he should proceed with due diligence to make the final 
estimate of all quantities in the several clauses, and to certify to 
his principal the amount of money due to the contrailoi, and 
also the amounts which should be held in reserve under tlie 
various clauses of this character in the speciiications, I he 
party of the first part thereupon should immediately pay to the 
contractor such moneys as are legally due him, provide<I this 
party is satisfied that the final estimates submitted by tin* enifi- 
neer are correct- If this jiarty sliould have any <innhts on tins 
point, he should be at lilierty, under the specifications, to 
inquire further into the correctness of such <*stimates. 1 his 
portion of the contract may be stated us follows. 

It is further mutually agreed, that whenever this c<uitract, 
in the opinion of the engineer, sliall he comjiletidy junioiined 
oh the part of the contractor, the engineer shall proceed with 
all reasonable diligence to measure up the work, and shall 
make out the final estimates for the same and sliall certdy Ihc^ 
same. The party of tlie second part will then, I'xceptmg lor 
the cause herein specified, [lay to the contractor, wit id n — days 
after the execution of sai<l certificate the remainder wldcli shall 
be found to be due, excepting tlierefroin such ^illm or sums as 
maybe lawfully retained under any of the pnivisions of this 
contract: Provided that nothing herein contaimnl shall he eou- 
strued to affect the right hereliy reserved, to reject the wliole 
any portion of the aforesaid work, shoukl the said tan tiiicate he 
found to'be inconsistent with tlie terms ol this agnamu-nt, or 
^otherwise improperly given. P. A. h\ 
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85. Engineer’s Measurements and Classifica¬ 
tions Pinal and Conclusive. In order to avoid disputes 
as to both the quantity and the quality of the work done, it is 
customary to specify that the measurements and classifications 
of the engineer shall be final and conclusive, and binding upon 
both parties. This is a very important provision, and places a 
great responsibility upon the engineer, while it binds, at the 
same time, the two principals to the contract, and forces them 
to submit to the engineer's decisions, except as some special 
provision such as that stated in article 8i allows one or both of 
the parties to examine into the correctness of the engineer’s 
estimates. As a matter of course either party is always at lib¬ 
erty to examine questions of fact and, so far as it is practicable, 
to remeasure quantities at subsequent times. Either party would 
be at liberty in case of a suit at law to have such quantities 
remeasured to determine such question of fact, but so far as the 
classification of the material is a matter of opinion on the part 
of the engineer, and so far as measurements of quantities have 
become impracticable at a subsequent period, to this extent a 
clause such as is here proposed binds absolutely both parties to 
the contract. Neither party now has any release from the 
decision of the engineer, except on one of two grounds: 

First. Either party may bring a suit in equity, in which 
case the terms of the contract are not made the basis of the 
suit; or 

Second. Either party may enter a plea of fraud on the 
part of the engineer, which, if sustained, would of course 
vitiate the decisions of such engineer. Neither of these grounds 
offers much encouragement to either party. A case could not 
be sustained in equity contrary to the terms of an expressed 
written agreement, except it could be shown that gross and 
violent injustice had been w’orked by a strict compliance with 
its terms. Neither is it desirable in a civil suit to enter a plea 
of fraud, since this is very difficult to maintain, and can only be 
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maintained by pi-oving the moral depravity of the engineer. A 
clause such as the following, therefore, if incorported in a con¬ 
tract and agreed to by both parties places both parties abso¬ 
lutely at the mercy of such engineer, and the contractor should 
never submit to it, if he has reason to suppose that the engi¬ 
neer is likely to act unfairly toward him under the authority 
thus granted to him. As a rule, however, this confidence 
which is reposed in the engineer by both parties to the contract 
is not misplaced. Although the engineer is paid for his services 
by one of the parties to the contract, he understands that his 
position is a judicial one, and not that of an advocate or 
partisan, and that it is his business to see that justice is done 
to both of the parties. The clause usually reads as follows. 

All the work under this contract shall be done to the satis¬ 
faction of the engineer, who shall in all cases determine the 
amount, quality, acceptability and fitness of the several amounts 
of work and materials which are to be paid for hereunder, and 
shall decide all questions which may arise as to the measure¬ 
ment of quantities and the fulfillment of this contract on the 
part of the contractor, and shall determine all questions lespect- 
ing the true construction or meaning of the plans and specifica¬ 
tions, and his determination and decision thereon shall be final 
and conclusive, subject only to revision by arbitration as pro¬ 
vided under Art. -. 


86. Determination of Damages Sustained by 


Failure to Complete the Work -within the Time 
Agreed upon, or as Extended. It is seldom that a spe¬ 
cific performance of any contract can be enforced. In other 
words, either of the parties to almost any civil contract is at 
liberty to break the same, or fail to carry it out, for which fail¬ 
ure, however, the law provides that the party breaking the 
contract shall pay a penalty. The amount of this penalty 
usually remains to be ascertained after the contract has been 
broken, and when the time of settlement arrives. The legal 
remedies for breach of coniract are given in Arts. 49-53. It 


^'Hcre should be inserted a clause like the followins: “And such estimate and 
decision shal^,e a condition precedent to the right of the contractor to recetve 
money or compensation for anything done or furnished under this agreement. 

7 
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is sufficient to remark here, that in determining the amount of 
the damages, the law will only allow the actual proven dam¬ 
ages to be collected, and always discourages any constructive, 
or conventional, or arbitrary estimate of such damages. In 
other words, the damages are the compensation to the injured 
party, requisite to repay him for his loss, which can be traced 
directly to the breach of contract. 

While damages to the extent of the actual injury sustained 
can always be recovered, by a suit at law, in the case of a 
breach of contract, it is customary in the writing of engineering 
specifications to insert one or more clauses defining the amount 
of the damages which it is agreed by the parties will be sus¬ 
tained in case of certain specific failures to carry out the con¬ 
tract ; and since these failures are assumed co be on the part of 
the contractor, and since money is usually due him from the 
other party, it becomes possible, in this case, to remunerate the 
injured party by withholding a certain sum of money from the 
contractor who is guilty of the breach of contract. If a specific 
agreement to this' effect be entered into by the parties, in 
advance, the compensation for the injury done because of a 
specific breach of the contract, may be recovered by simply 
withholding such a sum from the contractor, and paying over 
to him in final settlement the remainder. Because, therefore, 
of the facility with which such a settlement can be accom¬ 
plished, and also to further provide against such a contingency 
arising by furnishing to the contractor a sufficient motive to 
prevent such specific breaches, and furthermore, in order to 
avoid a suit at law for the recovery of such compensation, it 
has become customary to insert what is commonly called a 
^‘penalty clause.^' * 


While recovery can be had by a suit at law for the actual 
damages sustained for any breach of the contract, either with 
or without a specific clause to this effect, the penalty or dam- 

of fo..discussion of .h. ic^., phases 
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age clause in the specifications usually refers to one or more 
specific kinds of breach of contract, the more common one 
beino- that of failure to complete the work within the time 
agreed upon. The object of a penalty clause covering this 
particular kind of breach of contract is rather to insure comple¬ 
tion of the contract within the time specified than to recover 
damages for a failure to do so. For this reason it has been 
commonly supposed if a heavy penalty were provided for a 
failure of this kind, it would serve as a strong motive to the 
contractor to hasten the work. This being the object of such a 
clause it has been common to specify a penalty or damage of 
so many dollars per day, for each and every day elapsing after 
the date agreed upon for the completion, before the work is 
finally completed, the sum so named being often a very extrav- 
agant one. 

There are several ways of stating this clause, some of 
which are very much better than others. The following are 
the more usual forms; 

I. Provision for a specific ^^fenalty." When a specific 
“penalty” is named for either a particular or for any breach of 
the contract, whether this sum named be a per diem, or a gross 
amount, the court will usually construe it as meaning that such 
a sum is a fund provided in the specifications for the purpose 
of meeting such damages as may result from a breach of the 
contract, and that only the actual damages sustained and proved 
in a suit at law can be recovered from such fund. In other 
words, a penalty clause so stated has little or no force, since 
the law provides exactly the same remedy for any breach of 
contract, without a specihc agreement 

IL llze naming of a per diem^ or gross sum^ as being 
the ascertained and liquidated damages*' which will be sus¬ 
tained by the injured party for a specific breach of contract 
therein named, this usually being for failure to complete the 
work within the time specified. In this case the word “penalty 
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is not used, and if it can be made to appear on trial that both 
parties to the agreement really intended that the sum named 
should be forfeited in case of the failure therein described, and 
provided further this sum is not too extravagant aiul unreason¬ 
able, and provided the fact of failure and consequent lialulity 
be fully established, then and in that case the law will sustain 
the damage clause, and the injured party will he allowed to 
deduct it from any moneys due the contractor, or if this fund 
be insufficient, he may even sue the contractor and his bonds¬ 
men and recover the remainder. The following is a good 
example of this method of stating such ii clause: 

And the said party of the sccoml part hereby further 
agrees that the sakl parties of the first part shiill he and they 
are hereby authori7,ed t(M,leduct and retain out of the moneys 
which may be due or become due to the said party of the second 
part, under this agreement, as diimages for the non-completion 
of the work aforesaid within the tune lirreini»ei«re stipulated 
for its completion, or within such furihrr time :ih in iiccordniice 
with the provisions of tins agreement ahull he fixed or idlowed 
for such performance or completion, tlie sum of mte ImiHired 
dodars per day for each and every day the time employed up<m 
said work may exceed the time stipulated for itM romp’letion, or 
such stipulated time as the same may Ik* incituised, as herein¬ 
before provided, which said sum of one Imndnui tiohars per 
day is hereby, in view of the difficulty of estimating stich dam- 
ages, agreed upon, fixtul and determined by the parti«*s hereto 
as the liquidated damages that the parties of the first part will 
suffer by reason of such default, imtl not bv way of penalty. 

A. P. B. 

III. An ag'reement ikai ike enginrer skaii ascertain and 
male an estimate of the actual damages sustained by a failure 
to complete the work within the lime specilled (or for other 
specific breach), and naming some or all of the items to !»e 
included in such estimate. In this case no rlfm’t is made in 
advance to deterniine wiiat the actual damagi-.s are, ami the 
agreement simply consists in making the engineer an arliitiator 
to act for both the parties, in determining tlic amount of the 
damage as a question of fact This is probably the strongest 
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method of stating this clause, while it is also the fairest to all 
parties concerned. 

Because of the difficulty in proving in a suit at law the 
actual damages sustained from the failure to complete an engi¬ 
neering contract within the time specified, the contractor usually 
pays very little attention to a penalty clause stated as described 
above in form I. As a rule, contractors are better informed as 
to the law of contracts than the engineers who write the specifi¬ 
cations, and when this clause is stated as first described the 
contractor regards it lightly, well knowing that it has no partic¬ 
ular significance. When stated in the second manner, however, 
provided the sum named be reasonable, the contractor will give 
it much greater weight, and the party paying for the work can 
withhold money under it with mucli greater assurance of being 
sustained by the courts. The courts, however, have a repug¬ 
nance to any agreement made in advance as to questions of 
fact, which in the nature of things could only be adequately 
determined after the breach had transiiired. But because of 
the difficulty of fixing accurately the amcnint of sucli damages, 
even after the breach, the law consents to a previous agreement 
upon a specific sum, provided this be reasonable, ami provided 
it be so clearly stated that the parties signing the contract can 
not have misconstrued it. Concerning the last method given 
of stating this clause, the law also has a repugnance to dele¬ 
gating the authority of the court to a layman in the person of an 
arbitrator. When, however, the question at issue is a “cfwrA- 
tion frecedent" to settlement', as in this case of fixing the 
amount of the damages, and when this arl.itrator is the engineer 
in charge of tlie work, who is evidently the most competent 
person to estimate the amount of such damage, the law readdy 
consents that he should act in such capacity, and if both parties 
have agreed that his decision should be iinal and conclusive in 
the premises, there would seem to be no way of evading his 
decision, except by proving that it was fraudulent. As fraud 
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invalidates nearly all agreements, mul nearly all obligations, if 
it can be shown that the engineer, when acting in the capacity 
defined in this clause, has knowingly and willfully overestimated 
the amount of the damage; in other words, if it can be shown 
that he acted dishonestly in the matter, his venlict can l)c set 
aside and the matter can come before the court. Otherwise 
the court will rule that his verdict^mnst hohl, and tlie question 
can not be opened. As it is very diflicult to estabi sh a ques¬ 
tion of motive, and as the burden of proof rests wholly upon 
the contractor, it would seem that this method of writing the 
damage clause had many advantages. The following is a fair 
example of such a clause. 

In case said contractor shall fail to fully and entirely, and 
in conformity with the covenants, terms and agreements of this 
contract, perform, and comp;ete mud work, and each and every 
part and appurtenance thereof, within the time hereinbefore 
limited lor such performance and completion, or within such 
further time as may be allowed by said Board for such per¬ 
formance and completion, said cidef engineer sluil! appraise 
the value of the direct and computable damages caused to said 
city by such failure, owing to the disbursements iiuule by said 
city on account of the further employment of engineers, inspect¬ 
ors and other employees, inchiding all dishurMneents for oOice 
rent, transporta ion, supplies, ami other matter'^ connci't<-d with 
said employment; also tlic value of such other diitn t aial 
computable damages as shall he caused !«y stich failure; and 
the amount so aj)praise<!, vvlien approved bv said Bo .r<i, shall 
be deducted by said Boar<l out of siudi moneys aseillit r may be 
due, or at any time thermd’ser liecome due, tt* sjid ctmtiacfor 
under aiul by viitue of tills contract, or any pait fluacof ; and in 
case said appraised value shad esiecfi the auiouut of said 
moneys, then said cimtrai tor will pay the amount ot .sin* h excess 
to said city, on notice from said Board ot the excess so due; 
and it is heiadiy agreed that tlie decision <d’ said i'hief engineer 
as to the said a|q>ramal, when aj>prove<l by '-aid Bmud,* shall 
be final and biiuhng on bfith parlies to tliis contrail, 

E. ,K. 

87. The Discharge of Unpaid ClainiH of Work¬ 
men and Materialmen. The laws ot many states provide 
that I'lersons, who supply eitlier labor cjf mafeiial to any con- 

•It mayor rnav not be wi.sc to maSir the yritiit, s ol loc to* the 

mpprova.1 oi liis prn»rijial. 
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tractor or other j,erson, to be used in the construction of any 
building or other permanent work, if not paid by such party, 
may file a lien upon such completed or uncompleted work, this 
serving as a kind of first mortgage upon the property, under 
which the property can be sold and the claim satisfied. When 
such a law obtains, the only safe course, for the person paying 

for the work, is to satisfy himself before he fully pays for the 

work that all such claims have been liquidated, or he may if he 
choose require the contractor to furnish a bond which may be 
sued upon, either by himself, or by such material man or labor¬ 
ing man as may have such a claim. This bond to be large 
enough to cover all such liabilities. 

When the party paying for the work desires to satisfy him- 
self that such claims have all been discharged by the con- 
tractor, the clause may be written as follows: 

. Said contractor further agrees that he will pay punctually 
the workmen who shall be employed on the aforesaid woik, 
fnd the persons who shall furnish material thereunder, and will 
furnLh said Board with satisfactory evidence hat all per^iis 
S have done work or furnished materials under this contract 
and shall have filed any account of such claims with said ^oaid, 
have been fully paid, or are not entitled to any lien under the 
faws S this stite; and in case such evidence be not fnniislied 

as aforesaid, such amount as said Board may 

sarv to meet ihe lawful claims of the iicrsoiis aloiesaid, shall 
1 A 4'rnm tlie nioiicvs duc said contractor under this 
wnlracT and shall not be allLcd until the liahilUies aforesaid 
shall liave been fully discharged aud the eyulence thcieol 
fiirnished said Board; and if such evidence is not funushe. 
before the final payment under tins contract ialls due, sau! 
BoZd may pay such claims in whole or in part to the person 
or persons^ Lm or corporation cbiiming the 

the amount thus paid to said contractor, who shall .le^cpt the 

same as payment to the amount thereof upon this contnmt. 


When the party paying for the work docs not care to put 
himself to the trouble of obtaining the information as to the 
discharge of all such claims by the contractor, he may so frame 
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the wording of the bond that it will cover this case satisfactorily. 
In this case this portion of the bond may read as follows 

The said-as principal, and--—and—_— 

as securities, hereby bind themselves and their respective heirs 
executors or administrators, unto the City of St. Louis, in the 

penal sum of-dollars, lawful money of the Urnted States, 

conditioned that in the event the said-——-shall faithfully 

and properly perform the foregoing contract according to all 
the terms thereof, and shall, as soon as tht‘ work contetnplated 
by said contract is completed, pay to the pruptu* parties all 
amounts due for material and labor used and employed in the 
performance thereof, then this oldigation to l^e void, otherwise 
of full force and effect, and the same may he sued on at the 
instance of a material man, labru-ing nunu or mechanic, for any 
breach of the condition hereof; prc>vi<k*d, tliat no such suit 
shall be instituted after the eKpiration of ninety days from the 
completion of the above contract, 

88. No Claims for Damages on Account of 
Suspension of Work. W'hcn the work coiitracfe<i for is of 
a public character, as for a city, or for the United .States (Jov- 
ernment, and when it is expected to continue for a considerable 
period, and be paid for by appropriations from lime to time, 
and also in other like contiiv^encies. it is comumii to insert a 
clause to the effect that the contractor shall make no claim for 
damages for necessary delays he may experience in carrying 
out the work, when these delays are earned by the failure of 
appropriations, or by legal luoceediijgs, and the like. 

On ten days notice the work umU*!' this contract m.ay, 
without cost or claims against the paitv ot the Hist part, besus- 
peniled by them for want of funds. Or lor other substantial 
camse. Upon receipt by the contractor of the order for the 
suspension of tlie work, all the materials shall be i)iled up 
compactly, .so as not to impede travel on tlie siihwalk oi car¬ 
riageway, or the use of fire pings, gas or water stops, and 
all surplus material ar.d rubbish si-al! Ire ivnuned iimnediat<dv 
from the street. When the party of the lir-t pait sinili order 
the work to lie rcsume<l the contra tor shall eompletc the same 
upon the terms and conditions of this contiact. 

E. A. F. 

•This Is the form universally Mil coiuraet^ nuulr hv the City «f St, 

Louis. If not f,pecih€ally ®u stated the material man, or the hthtiiing uam eotihl not 
sue on the bond. 
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89 No Claims for Damages on Account of De¬ 
lay. In order that the party of the first part shall be freed 
from all claims which may be set up by the contractor for dam¬ 
ages on account of various delays and hindrances which he may 
have experienced in carrying out the work, and which he may 
make appear to have been caused directly or indirectly by the 
party having the work done, or by other contractors upon the 
work, the following clause is often inserted: 

The contractor shall not be entitled to any claims for dani- 
affes for any hindrance or delay from any cause whatever in the 
r>?oaress of the work, or any portion thereof, but said hindiance 
Sen itlHll contactor to^uch extension of time for com¬ 
peting the contract as may be determined by the engineer 
Povided, he shall have given notice in writing of the «iuse of 
the detention. L. i . . 

90. No Claims on Account of Unforeseen Diffi¬ 
culties. In case it is the purpose of the contract to place 
upon the contractor all the responsibility for contingencies 
which may arise in the prosecution of the work, for which 
greater risk the party having the work done will, of course, pay 
in the increased price made by the contractor to cover such 
risk, the clause may he written as follows: 

The pontractor agrees that he will sustain all losses or 
damages arising from the action of tlie elements, tlie nature of 
the work to be done under the spccil.cat.ons or rom any 
unforeseen obstructions or enciirnlirances on the line of the woik 
which may be encountered in the prosecution of tlie same. 


91. Protection of Finished Work. It is usually 
customary to hold the contractor responsible for the protection 
and care of the work until it is all finally comiileted and 
accepted. Even such portions of the work as have been com¬ 
pleted and provisionally accepted and payments made upon-the 
same, should be taken care of and fully protected liy the con¬ 
tractor, until the entire work has been turned over. Tliis often 
entails considerable expense upon the contractor, and when dis- 
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putes on this question are liable to arisei it i$ well to insert 
such a clause as the following: 

Contractors will be held responsible for any and all mate¬ 
rials or work to the full amount of payments made thereon, and 
they will be required to make good, at their own cost, any 
injury or damage which said materials or work may sustain from 
any source or cause whatever, before final acceptance thereof- 

O* M- P. 

92. Protection of Property and Lives. It is 
always understood that the contractor shall he held responsible 
for all damages to property which may arise from any fault of 
his, or from any accident which may occur during the per¬ 
formance of the work. He is also held responsible for all 
losses of life or limb, and for all personal damages which may 
be sustained either by his own workmen or by the public, by or 
on account of the works he has under construction. In other 
words, it is made his duty to protect both life and property, so 
far as possible, from all damage, so far as these may be tracca» 
ble to the works themselves. If this responsibility were not 
specifically placed upon the contractor, the party having the 
work done would often be obliged to sustain the loss, since he 
authorizes the execution of the work, and the contriictor is his 
employee or agent. This clausa is often written m two separate 
clauses, one referring to the damage to property, and the other 
to the damage to persons. 

Furthermore the wording of the bond is usually so made 
as to cover both of these items, so that in case the damage or 
loss is greater than could be repaid by the amount of money at 
any time due the contractor when the accident occurs, suit may 
be brought upon the bond against the bondsmen to recover the 
remainder. 

Inasmuch as claims for damages, either to perHon or prop¬ 
erty, usually manifest themselves in the form of suits at law 
against the party authorizing the work and paying for the same?, 
and not against the contractor himself, it Is common to assume 
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tbat this will he the case In ill claims for damages, and to word 
the clause accordingly. The following clause covers all of the 
above contingencies in in acceptable manner: 

Said contractor further agrees that he will indemnify and 
save liarndess said City and lloard, and the officers and agents 
thereof, from all claims, suits, actions, and proceedings of every 
mime and description, which may be brought against said City 
or Board, or the officem and agents thereof, for or on account 
of an^ injuries or damages to persons or property received or 
suKlaineti by any person or persons, firm or corporation, by or 
from said contractor, or by or in consequence of any materials 
or explosives used on said work, or by or on account of any 
improper material or workmanship in its construction, or by 
or on account of any iiccident, or of any other act or omission 
of said contractor, or his agents, or servants, and said con¬ 
tractor also agrees that lo much of the money due, or to become 
due, to him under this contract «i shall be considered necessary 
by said Board, may be retained by said Board until all such 
suits or cljutns for damages, or otherwise, as aforesaid, shall 
have been finally settled and determined, and evidence to that 
effect furnisheil to the sntiifiiction of said Board. 

E. K. 

The following is a common mc!thodof wording this clause, 
which defines the coniractor'i responsibility without referring 
to suits at law: 

I'he i'onfritrfor shall put up and maintain such harriers and 
mi hglits a« will eflfctually prevent any accident in conse- 
quriH e of his work* for whith the city ought he liable, and he 
shall he liable for till tiitmagt*s occasioned in any way by his 
iic.ts or neglect, or llint of lu» agents, em|)loyeeB, or workmen. 

K. A. F. 

03. Protection against Olaime for the Use of 

PatCHliB, When it is imticiplited that patenteil appliances or 
mefhods may In* used eiflier by the coniractiar in |)ro.siH*nting 
the work, or m forming ii part of the com|>’«‘t;cd work itself, in 
order that the p.aity iinihort/ang the work may he able to col- 
Irv.t fr(un the conn actor such fees as he may he fm'ccd to pay 
tlieiefor, a special clause in the specifications may be written 
to co\e!' thin rase. This rliiime may he ns follows: 

All tees lor aiiv I'latented invention, article or arrange¬ 
ments lh.it m.iy he used upon or in any manner connccteil with 
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the construction, erection, maintenance of the work, or any 
part thereof embraced in these specifications, shall be included 
in the price mentioned in the contract, and the contractor shall 
protect and hold harmless the party of the first part against any 
and all demands for such fees or claims, and before the final 
payment or settlement is made on account of the contract, the 
contractor must furnish acceptable proof of a proper and satis¬ 
factory release from all such claims. 

' E. A. F. 

94. Assignment of the Contract.* If it is the 
intention of the party letting the work that the person or persons 
who take the contract shall perform the work themselves, 
without subletting it, it is necessary to prescribe that this shall 
' be done in order to insure that it may not be sublet. One 
great objection to the subletting of contracts is that the sub¬ 
contractor can not be held directly by the principal, since 
these two have not entered into contract. The principal can 
only hold the original contractor, and all dealings with the sub¬ 
contractor must be through him. This gives rise to delays and 
unsatisfactory performance, and is usually prohibited by the 
specifications.' The following form is adequate to this pur¬ 
pose : 

Said contractor further agrees that he will give personal- 
attention constantly to the faithful prosecution of the work, and 
will not assign or sublet the work or any part thereof, or any of 
the moneys or orders payable under the contract, without the 
previous written consent of said board endorsed on this con¬ 
tract, but will keep the same under his personal control; that 
no right under this contract, nor to any moneys or orders due 
or to become due hereunder, shall be asserted against said city 
or board, or any department,, officer, or officers thereof, by 
reason of any so-called assignment, in law or equity, of this 
contract, or any part thereof, or of any moneys or orders paya¬ 
ble thereunder, unless such assignment shall have been author¬ 
ized by the written consent of said board endorsed on this 
contract; that no person other than said contractor now has any 
claim thereunder, and that no claim shall be made excepting 
under this specific clause of this contract, and under that clause 
relating to claim of workmen and materialmen. E. K. 

95. Contractor not Released by Subcontracts. 

When it is anticipated that a portion at least of the work 

♦See Article 30 . 
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will be sublet to other contractors, and when in the nature of 
things this is advisable, it may be specified that such subletting 
of all or of any portion uf the work in no wise releases the con¬ 
tractor from full and faithful performance. The following 
specifications would then hold: 

No subcontract shall under any circumstances relieve the 
contractor of his liabilities and obligations under/his contract; 
should any subcontractor fail to perform the work undertaken 
by him in a satisfactory manner, and should this provision be 
violated, the party ot the first part may at their option end and 
terminate such contract. E. A. F. 

96. Abandonment of Contract. In most large engi¬ 
neering contracts it is wise to provide for the emergency of 
abandonment. This term is here used to include not only 
deliberate and acknowledged abandonment of the work on the 
part of the contractor, but also such violations of the contract, 
either in the letter or in the spirit, or such unnecessary delay in 
its execution as may be construed as a virtual abandonment of 
the contract, so far as its express fulfillment is concerned. In 
such cases it may become necessary or desirable to take the work 
out of the hands of the contractor altogether, and to hire the 
necessary labor and purchase the necessary material, and com¬ 
plete the work under the direct superintendence of the engi¬ 
neer, charging all such items of expense against the contractor, 
and providing for the payment of the same, even though they 
should exceed all moneys due the contractor on the completion 
of the work. While the common law would warrant the party 
paying for the work in assuming the control of it, and charging 
the cost of the same against the contractor, in case of his 
express and acknowledged abandonment, it would not authorize 
the engineer in assuming control of the work because of delay 
or other violations of the terms of the contract. A provision 
such as the following may therefore be inserted: 

Said contractor further agrees that if the work to be done 
under this contract shall be abandoned, or if this contract shall 
be sublet or assigned by said contractor, or any of the moneys 
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or orders payable thereunder shall be assigned, otherwise than 
as herein provided, or if at any time said chief engineer shall 
be of the opinion, and shall so certify in writing to said board, 
that the said w.ork is unnecessarily or unreasonably delayed, or 
that said contractor is willfully violating any of the terms, cove¬ 
nants and agreements of this contract, or is not executing this 
^ contract in good faith, or is not making such progress in the 
execution of said work as to indicate its completion within the 
required time, said board shall have the power and right to 
notify said contractor to discontinue all work or any part thereof 
under ^is contract, and upon such notification said contractor 
shall discontinue said work, or such parts thereof as said board 
may designate; and said board shall thereupon have the power 
to employ by contract, or otherwise, and in such manner and at 
such prices as it may determine, any persons and obtain any 
animals, carts, wagons, appliances, implements, tools, and 
other means of construction, which it may deem necessary to 
work at and be used to complete the work herein described, or 
such part thereof as said board may have designated; also the 
power to use such appliances, implements, tools, and materials 
and means of construction of every description as may be found 
upon the line of said work, both such as enter into the com¬ 
pleted work, and such as are necessarily used in and about the 
same m the course of construction, and to procure other proper 
materials for the completion of the same; also to charge the 
expense of all of said labor, materials, animals, carts, wagons 
appliances, implements, tools and means of construction to said 
contactor; and the expense so charged shall be deducted and 
paid by said board out of such moneys as may be due or 
become due at any time thereafter, to said contractor under this 
contract, or any part thereof. In case such expense is less than 
the sum which would have been payable under this contract if 
the same had been completed by said contractor, it is agreed 
that said contractor shall be entitled to receive the difference • 
and m case such expense shall exceed the sum which would 
have been payable under this contract if the same had been 
completed by said contractor, then said contractor shall pav 

board of the excess so due. It is further agreed that neither an 
extension of time, for any reason, beyond that fixed herein for 
the completion of the work; nor the performance and the accent- 

deemed ^t^br*^ °(*e work called for by this contract, shall he 
deemed to be a waiver by said city of the right to assume con- 

forL°pr?vided"'^*‘^* reasons and in the manner hereinbe- 

E. K. 

97. Oanoellation of Contract for Default of Con- 
tractor. In the previous case it was provided that under cer- 


THE aENEEAIi CLAUSES IN SPEOIEIOATIONS. Ill 


tam contingencies the party of the first part would be warranted 
in assuming entire control of the work, and completing it under 
the contract, and for the contractor. His agency in the matter 
being displaced by that of the engineer, because either of 
gross violation of the contract, or for incompetency or unwill¬ 
ingness to carry it out. That clause provided, therefore, that 
the engineer should under such contingencies be appointed to 
carry out the contract with the party of the second part, in his 
stead, the contract itself, however, still remaining in force, and 
the final settlement to be made in accordance with its terms. 

For a similar set of contingencies as above described, the 
party of the first part may prefer to cancel the contract alto¬ 
gether, and instead of completing the work under the super¬ 
vision of the engineer, he may prefer to let a new contract for 
the carrying on of the work. To do this, the contract itself 
must be rescinded or canceled, and in order to give the party 
of the first part the legal authority for doing this, a clause such 
as the following may be inserted. Here all moneys due upon 
the contract at the time the contract is canceled will be for¬ 
feited to the first party. See article 49. 

In lieu of the exercise of the power hereinbefore given, in 
case of said contractor's default, to employ workmen, pur¬ 
chase tools and materials, and complete the work, said board 
rchci vcH the right and option, instead thereof, to annul and can- 
c« 1 this contract and rclet the work, or any part thereof, and 
said contractf^r shall not be entitled to any claim for damages 
on acc<>ui»tof such annulment, nor shall such annulment affect 
the right of said city to recover damages which may arise from 
sut Ii tailurc on the part of said contractor to fulfill the terms of 
this canurat t. And in case of such annulment all moneys due 
K.iid contractor, or retained under the terms of this contract, 
shall he lorteite<l to said city, and he paid to the credit of the 
fund for extetuling water pipe in said city; but such forfeiture 
shall, however, not release said contractor, or his sureties for 
the fuhillincnt of this contract, and said contractor and his 
fiureti- H hhall he credited with the amount of the moneys so 
forfeited toward any greater sum that they may become liable 
lor to said city on account of the default of said contractor. 

E. K. 
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98. Workmen’s Quarters and Other Temporary 
Buildings. It is usually necessary for the contractor to erect 
temporary buildings for the protection of his tools and machin¬ 
ery; or for office purposes, and sometimes, when the work is at 
a distance from boarding house facilities, it is necessary for 
him to provide temporary quarters for his labor. The location, 
erection, and removal of such temporary structures should also 
be subject to the approval of the engineer in charge. If tem¬ 
porary quarters for workmen are not really necessary, it is best 
to prohibit them, at least to prohibit their erection on the prop¬ 
erty belonging to the party of the first part. The following is 
an example of such a clause : 


The contractor may build such sheds, storehouses, etc., 
as are necessary for the work, but the location of such sheds, 
etc., must be such as will not interfere with the work of other 
contractors, and must be approved by the water commissioner. 
No buildings, sheds, or tents to be used as quarters for work¬ 
men or teams will be allowed on the city property.* 

99. Cleaning up after Completion. In nearly all 
kinds of engineering construction the grounds surrounding or 
along the line of the work are necessarily more or less defaced 
and encumbered by various disturbances of the surface, or by 
refuse and waste material, temporary buildings, etc., and it is 
usually made the business of the contractor on the completion 
of the work to clear up the grounds, and to put them in as pre¬ 
sentable a condition as practicable. This does not involve any 
grading or removal of earth, unless it be the excess or waste 
which remains on the natural surface from his own excavations. 
It does, however, include the cleaning up of his own work, 
whether it be buildings, foundations, masonry, conduits, pits, 
etc. The following is such a clause written to cover the case 
of waterworks engine pits: 


When the work is completed, all pits, pipes, chambers, 
conduits, etc., shall be carefully cleaned out; The surround- 

•To which might be .dded the following; Suitable privy conveniences shall be 
erected, as directed by the engineer, for the use of the workmen, and their use is made 
obligatory. The committing of nuisances is prohibited on all parts of the premises. 



THl OENERAXi CLAUSES IN ’ SPECIFIOATIONS. 113 

ing grounds shall be cleared of all rubbish caused by construc¬ 
tion, all sheds, etc., and left in a neat and presentable condi¬ 
tion. M. L. H. 

100. Removal of Oondemned Material. When¬ 
ever any material which has been brought upon the ground by 
the contractor has been inspected and rejected by the engineer, 
or his assistants, it should at once be removed from the line of 
the work, in order to prevent its use when the engineer or his 
inspectors are not present. To further insure against the use 
of condemned material by the contractor, it is sometimes 
specified that all such material shall be stored by the contractor 
in a specified place, where it shall be kept under lock and key, 
and under the control of the engineer only. In case the con¬ 
tractor declines to remove such material from the line of the 
work, or declines to take out any defective work, there should 
be a provision authorizing the engineer to do this at the con¬ 
tractor^® expense. The following clause may be used s 

Defective work and material may be condemned by the 
engineer at any time before the final acceptance of the work, 
and when such work has been condemned it shall be imme¬ 
diately taken down by the contractor, and rebuilt in accordance 
with the plans and specifications. When defective material 
has been condemned, it shall be at once removed from the line 
of the work, and stored m directed by the engineer, or other¬ 
wise disposed of to his satisfaction. In case the contractor 
shall neglect or refuse to remove or replace any rejected work 
or material after a written notice, within the time designated 
by the engineer, such work or material' shall be removed or 
replaced by the engineer at the contractor's expense. 

M. L. BL. 


lOL Relations to Other Oontractors. Where more 
than one contractor is expected to be engaged simultaneously 
upon the same work, it is well to insert a clause in the specifi¬ 
cations defining the obligation of each of these contractors to 
the others in certain particulars as follows: 

The contractor is required so far as possible to so arrange 
his work and to so dispose of his materials as will not interfere 
with the work or storage of materials of other contractors 

i 
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engaged upon the work. He is also required to join his work 
to that of others in a proper manner, and in accordance with 
the spirit of the plans and specifications, and to perform his 
work in the proper sequence in relation to that of other con¬ 
tactors, and as may be directed by the engineer. ^ ^ 

102. Provision for Drainage. Where the natural 
surface drainage is likely to be interfered with by the work of 
the contractor, it may be specified that he shall maintain pro¬ 
vision for such surface drainage during the progress of the 
work, and that he will be held liable for all damages from his 
neglect to comply with this provision. The clause may read as 
follows: 

If it is necessary in the prosecution of the work to inter- 
rapt or obstruct the natural drainage of the surface, or the flow 
of artificial drains, the contractor shall provide for the same 
during the progress of the work in such a way that no damage 
shall result to either public or private interests. For any 
neglect to so provide for either natural or artificial drainage 
which he may have interrupted, he shall be held liable for all 
damages which may result therefrom during the progress of the 
work. 

103. Proyision for Public Trafilc. If it becomes 
necessary in the prosecution of the work to obstruct the public 
streets or sidewalks, and if it is practicable to carry on the 
work without closing these streets against all traffic it should be 
specified that 

The contractor shall make suitable and adequate provi¬ 
sion for the safe and free passage of persons and vehicles by, 
over, or under the work, while in progress. Such provision to 


be made to the satisfaction of the engineer. 


E. A. F. 


104. Contractor to Keep Foreman or Head 
Workman, and also Copy of Plans and Specifications 
on the Ground. Whenever work is visited by the engineer 
or his assistants or inspectors, the plans and specifications 
should be available for examination and if instructions are to 
be given for the further prosecution of the work or for any 
changes or corrections, some responsible person should always 
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be present who is authorized to receive such instructions for the 
contractor, as his agent. In this case the instructions given to 
this agent have all the legal force which they would have if 
given directly to the contractor. This clause may read as fol¬ 
lows : 

At all times when work is in progress, there shall be a 
foreman or head workman on the grounds, and also copies of 
the plans and specifications. Instructions given to such fore¬ 
man or head workman shall be considered as having been 
given to the contractor. 

E: a. Fl 

106, Cost of Examination of Completed Work* 

Whenever the engineer desires to examine work which has been 
completed in whole or in part, this examination involving the 
tearing down ol some portion of the work, and a corresponding 
expense both in taking down and in reconstructing it, it is only 
fair to provide that in case the work should be found to have 
been performed in accordance with the contract, the cost of 
tearing down and rebuilding should be paid by the party of the 
first |>art; but if it should be found that the work had not been 
constructed according to the contract, this cost should fall upon 
tiie contractor. The following is such a clausa; 

Whenever retpured by the water commissioner, the con¬ 
tractor shall furnish all tools and labor necessary to make an 
examination of any work completed or in progress under this 
contract, Jf the work io examined is found to he defective in 
any respect, or not in accordance with this contract and specifi¬ 
cations, the contractor shall hear all expenses of such examina¬ 
tion and of satisfactory reconstruction. 

If the work so examined is found to be in accordance with 
the specifications and contract, the expense of examination and 
reconstruction will be estimated to the contractor at a fair price 
to be determined by the water commissioner. 

M. L. H, 

106, Faults to be Corrected at any Time before 
Final Acceptance. It should usually he understood between 
the parties that no act of the engineer or of the inspectors should 
be construed as final acceptance of any portion of the work^ 
unless it is specifically so declared in writing by the engineer* 
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Also that any failure to detect faulty or incomplete perform- 
ance before the time of final acceptance should not be con¬ 
strued, as an acceptance of the work. After the final accept¬ 
ance by the engineer, the contract is no longer binding on the 
contractor in the way of requiring specific performance, but a 
reservation may be entered in the contract in accordance with 

f which, if any defect or fault should subsequently appear which 
was undetected before the time of final acceptance, the party 
of the first part should have the right to recover damages for 
such fault or defect A clause to this latter effect is not usu¬ 
ally inserted, but it is legitimate if the circumstances should 
seem to require it The circumstances might require it when 
the work is of such a character that faults could not readily be 
detected until the works had been put in operation. The fol¬ 
lowing is an example of such a combined clause: 

Failure or neglect on the part of the engineer or any of 
his authorized agents to condemn or reject bad or inferior work 
or materials, shall not be construed to imply an acceptance of 
such work or materials if it becomes evident at any time prior 
to the final acceptance of the work and release of the contrac¬ 
tor by the party of the first part; neither shall it be construed 
as barring the party of the first part, at any subsequent time, 
from the recovery of damages or of such a sum of money as 
may be needed to build anew all portions of the work in which 
fraud was practiced or improper material hidden, whenever 
found. 

107. Surveys, Measurements, and Estimates of 
Quantities not Guaranteed to be Correct. It is not 
usually possible to give in advance complete measurements, 
dimensions, and estimates for all parts of the work. Especially 
is this true of the more detailed dimensions. It should always 
be understood, therefore, that the contractor must be responsi¬ 
ble for the proper adjustment of the dimensions and details of 
the different parts of the work to each other and that the 
dimensions and figures given on the plans and specifications 
are always subject to changes during the progress of the work. 
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The following clause refers especially to the construction of a 
steel viaduct:* 

Contractors are also required to check all leading dimen¬ 
sions and clearances as a whole and in detail, the fitting of all 
details, and to becohae responsible for the exact position and 
elevation of all parts of the work, which will only primarily be 
located by the engineer of the department of public parks. 
They will maintain their own field engineering, that of the city 
being for the purposes of original lay-out, inspection, and 
checking. The contractor must provide and maintain such 
facilities for the engineer or his assistants as he may require 
for the convenient examination and inspection of the work in 
progress. He will pay the cost of testing all material in labora¬ 
tories or shops, and the cost of such mill and shop inspection 
as he may be called upon to perform in addition to that fur¬ 
nished by the engineer, the selection of such laboratory or 
inspectors being dictated by the engineer, to whom they will 
report. He will furnish such monthly progress photographs as 
may be required to maintain the record. A. P. B. 

108. The Contract Subject to Interpretation and 
Change by the Engineer in the Following Partiou- 
larB:t 

(a) Where meaning is obscure and uncertain. 

(i) As to what is implied beyond that which is specific¬ 
ally described. 

(c) In case of discrepancies between plans and specifica¬ 
tions. 

(d) In case changes of plans or methods of work are 
afterwards decided upon. 

Since the engineer is the author of the specifications, he 
evidently is the proper party to interpret their meaning. It 
goes without saying that the specifications and plans should be 
as clear and definite as possible in all particulars, but it is 
quite impossible to free language from many inherent defects, 
neither is it practicable to describe minutely and in detail all 

•In ihli both ftmntiakflwiifi tad supemructur© formed on© contmet. If tfe© 
owner should prepaw th« foundations he must guarante© hl« iurvoys and locations m 
be ss. ihowa on the drawings, or as deicrihed in ih« apcciflcations. In this can© pr©- 
yiilon in«*t also he made for a comparison of the atwadarda ©f Itngtit ttsed hy the 
®w»«r and by the contractor. 

t See Am, 33» J4» 3» 39 , 
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parts of the work. There will, therefore, usually be some 
uncertainty as to the real meaning of the words used in the 
specifications, or even of the drawings themselves, and many 
of the details of the work must be understood by implication, 
rather than described in either the specifications or the plans. 

Occasionally also by some oversight the plans and specifi¬ 
cations will not agree. This usually results from changes of 
plan after one or the other has been drawn, such changes being 
made in the one place and not in the other. As a rule the 
specifications control, rather than the plans, and the figures on 
the plans control, rather than the actual dimensions of the 
drawings when taken to scale. The engineer should, however, 
be at liberty to determine what the real meaning was intended 
to be in all cases of discrepancies. 

Very few contracts for large works are carried out from 
beginning to completion without changes being introduced in 
both the plans and in the specifications during the progress of 
the work. These changes may arise from a newly devised 
method or plan which may be considered superior, or from 
unlooked for obstacles met with in the work, or from sugges¬ 
tions on the part of the contractor himself. They also are 
frequently made in order to reduce the cost of the work, and 
on the other hand are sometimes made in order to improve its 
character. It should be understood, therefore, that the engineer 
has the privilege of making such changes in the plans and 
specifications at any time. 

So far as the engineer may add to the plans or specifica¬ 
tions by way of interpretation of their true meaning, as in (a) 
and (^), such supplementary and explanatory matter should 
not involve any change in the contract price. 

In the matter of discrepancies, however, between plans 
and specifications, if the contractor can show that he based his 
estimate on one of these to the exclusion of the other, and wht n 
interpreted by the engineer, he finds he had estimated on a plan 
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materially cheaper than that now required, it would be but just 
ami right to allow him the difference in the cost, since he had 
the right to suppose that the plans and specifications were in 
accord. 

When changes are introduced in the plans or specifica¬ 
tions after the contract is let, such changes create a new con¬ 
tract, and as a matter of course there must be a new agreement 
as to compensation.* Without a special clause authorizing such 
changes neither party could change the terms of the contract 
against the will of the other without breaking it. Furthermore 
without some understanding as to how the compensation should 
be determined for such change in plans or specifications, the 
party of the first part would be at the mercy of the contractor 
in this matter, and he could charge an cKtravagant price for 
such changes, and there would be no remedy. The following 
is a suitable clause, covering all these matters: 

Said contractor also agrees that said chief engineer shall 
decide as to the meaning and intent of any portion of the fore¬ 
going specifications, or of the plans, where the same may be 
found obscure or in dispute; and said chief engineer shall have 
the right to correct any errors or omissions therein, when such 
corrections are necessary to the proper fulfillment of the inten¬ 
tion of said plans and specifications; the action of such cor¬ 
rection to date from the time said chief engineer gives due 
notice thereof. Ami it is also agreed by said contractor that 
said boaid may, at any time, make any changes in the location, 
form, tlimensions, grades, and alignments, and may make my 
variations in the rjuuntity of the vvork to be done, as exhibited 
in the advertisement or iiotice of letting hereto attached, or in 
the (onn of proposal or hid for said work, and nmy entirely 
exclude any of the items of work relating to said <iuanlities at 
any time, either before the commencement of the work, or 
during its progress, without thereby altering or invalidating 
any of the prices herein named, or this contract in any other 
respect; should such action diminish the amount of work that 
would otherwise be done, no claim shall be matle for damages 
on the ground of loss of anticipated profits on work so dis¬ 
pensed with; and should such action be taken after the com- 
meneemeiit of any particular piece of work, and result thereby 
in extra cost to said contractor, said chief engineer shall certify 
to said board the amount to be allowed therefor, which he shall 

•See See. SH .iti t.. the rclea..e of tlv sureties l>y such eUanKes, and tltc provisions for 

ChanKt** in ihe iisclf,. on p. 


120 


ENGINBBBIHO 8PB0IFI0ATIO1S. 


consider fair and equitable, as between the p.tities and his 
decision, when approved by said board,* shall !»f fiiiiil and 
conclusive. 

109. Settlement of Disputea.t While the contract 
lies between the parly paying for the work, being the party of 
the first part, and the contractor who does the work, Iwing the 
party of the second part, the contract iticlf is administered and 
enforced by the engineer, who is usually employed by the party 
of the first part. It is well understood also that the engitwer 
is supposed to act always in a strictly professional and admin¬ 
istrative capacity, that he has no personal Interest in favor of, 
or against either party, and that his sole object is to see that 
the contract is faithfully carried out in accordance with its 
express terms and real meaning. It is also recognised that be 
is the most competent person to determine all differences and 
disputes, where these arise between the parties to the contract, 
or between two or more contractors engaged upon the same 
work. It is proper and right, therefore, that he should 1 ms 
made the referee in all cases of dispute or misunderstanding, 
and that his position as arbitrator should be made final and 
conclusive in the preniisea. If it be expressly agreed H|Mjn 
between the parties themselves that the engineer shall «ii in 
this capacity, then hi* decision due* become binding nml final 
upon the parties, even to the esclusion of the m tion of Ihe 
courts, unless it can be shown that the engineer acted thtough 
prejudice, or ignorance, or fraud. A* it is usually %riydit!i- 
cult to establish a case against the ei gineer on either ol the e 
grounds, a clause such as the following usually «• ts it* settle .U1 
disputes and to keep such controversies out of the muitt. 
Honesty and fairness is also so common a • haiai of 

engineers that a clause such as the following is tir.i!!i 
acceptable to both parties, and very schiom results in injusiue 
being done to either party. 

♦This decision of the cngloesr Is ucustly wsde Siisl «» ) « .1... < »»(.« with,,., i 
approvEl by his principal. 

tSee articles la and 13* 
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To prevent all disputes and litigation, it is further agreed 
by and between the parties to this contract, that said chief 
'engineer shall be the referee, in all cases, to determine the 
atnount, quality, acceptability, and fitness of the several kinds 
of work which are to be paid for under this contract, and to 
decide upon all questions which may arise as to the fulfillment 
of said contract on the part of said contractor, and his decision 
and determination, when approved by said board* shall be 
final and conclusive* Said contractor shall also affoi'd all 
reasonable facilities for access to his wmrk to any other parties 
or contractors who may be doing extra work or be working on 
a section of the conduit adjacent to his own, and any difference 
which may arise between two contractors in regard to their 
adjoining work is to be adjusted by said chief engineer, whose 
decision in the matter shall be final and binding upon both par- 
ties.f E. K* 

110. EIxtra W^ork.J While all changes in plans and 
specifications have been provided for in section io8, it is well to 
insert a special clause on the subject of extra work. It is com¬ 
mon for contractors, on the completion of a piece of work, to 
bring in a bill of extras, which they claim represents work 
which they were asked to perform, and which was not included 
in the plans or specifications, and which was not specially pro¬ 
vided for by particular agreement with the engineer with the 
corresponding compensation to be paid for it. What the con¬ 
tractor’s ideas or intentions may be on this subject does not 
usually develop until the work has been fully completed 
and the time of final settlement has arrived. In many instances 
it is then too late to determine the exact facts concerning this 
extra work, either because of the incompleteness of the records, 

* See footnote, page 102. 

I In the opinion of the author of this work it is doubtful if a clause such as is here 
given will always stand in a court of law. The reader is referred on this subject to 
Arts. 13 and 13 in the Synopsis of the Law of Contracts. In accordance with the prin¬ 
ciples there laid down it would seem that the courts will only sustain such a clause as 
the above when it can be shown that the acts of the engineer taken under It have been 
such as a court could properly refer to an expert referee, or to a person presumably 
more competent than the court to determine. In general such questions would be such 
as might be called ** Conditions Precedent*' to a legal settlemept. Such “conditions 
precedent'* would include all questions, such as the value of extra work, the amount of 
damages actually sustained from any breach of the contract, the extent of any failures 
t© comply with the contract, and all matters which are not so much questions of fact as 
questions of quantitative and qualitative value, which can only be estimated, and which 
the engineer is presumably competent to evaluate. See also Art. 86. 

J Sec Articles 38 and 30. 
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or because of the impracticability of making the necessary 
measurements. Such a bill of extras, therefore, brought in at 
the time of settlerhent is always the source of a certain amount 
of difficulty and irritation, and when the piece of work extends 
over a considerable length of time, such a contingency as above 
described should be prevented by requiring all such bills of 
extras to be presented from month to month. Furthermore, it 
is desirable also that the contractor should reveal to the engi¬ 
neer his intentions in regard to claims for extras, before such 
extra work is executed. In this case if he will not accept of the 
price fixed by the engineer for doing such work the engineer 
should have the privilege of letting this extra work to another 
party. In this way extravagant prices for such work could be 
prevented, and disputes avoided, and the following is given as 
a good example of such a clause, on a piece of work which 
extended over a considerable period of time: 

No claim for extra work shall be considered or allowed, 
unless such extra work shall have been previously ordered by 
said engineer, in writing. The claims for such extra work, 
when so ordered, shall be presented to such board on or before 
the 15th day of the month following that in which said extra 
work was done, otherwise such claims during that month will 
be forfeited and waived. In case any extra work shall be 
required in the proper performance of the work contemplated 
to be done under this contract, it is understood that said board 
reserves the right to have such extra work done by any other 
person, firm, or corporation than the said contractor, unlens an 
agreement upon the prices to be paid for such extra work can 
promptly be reached between said board and contractor. vShoiild 
said extra work be let to any other person, firm, or corporation 
than said contractor, said contractor further agrees that he will 
not, in any way, interfere with, or molest such person, firm, or 
corporation, and that said contractor will suspend such part of 
the work herein specified, or will carry on the same in such a 
manner as he may be ordered by said engineer, so as to afford 
all reasonable facilities for doing such extra work; but said 
contractor agrees to make no claim for damages, or for any 
privileges or rights, other than expressed by this contract, by 
reason of the suspension and the doing of such extra work, 
except for an extension of time to perform this contract, as may 
be certified to said board in writing by said chief engineer, and 
approved by said board. E. K. 
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111. Definition of “Engineer"’ and “Contractor.” 
While it is not at all necessary as a rule to define the terms 
“Engineer/" “Contractor/" “Board/" etc., it is usually well to 
insert such a definition, to prevent any legal quibble in case 
suit is brought by either of the parties to the contract. In this 
definition also the agency of persons acting for either of the 
principals or for the engineer is also defined. 

Wherever the woi'd “engineer” is used herein, it shall be 

and is mutually understood to refer to-and to his properly 

authorized agents, limited by the particular duties entrusted to 
them. 

Wherever the word “contractor"" is used herein, it shall be 
and is mutually understood to refer to the party or parties con¬ 
tracting to perform the work to be done under this contract, or 
the legal representatives of such party or parties. 

E. A. F. 

112. Documents Composing the Contract. While 
in common law all the documents, acts, agreements, public 
advertisements, etc., which relate to or serve to explain the full 
meaning and intent of the contract, are made portions of such 
contract, it is well also to specify particularly what docu¬ 
ments combine to make what is understood by the parties as 
“the contract."" This clause is frequently inserted in the 
enacting agreement, wdiich may or may not precede the speci¬ 
fications proper. It is here inserted as a clause in the specifi¬ 
cations, but perhaps more properly belongs in what is sometimes 
designated more specifically as “the conti'act."" The clause 
may read as follows: 

It is understood by the contracting parties that the follow¬ 
ing documents are essential portions of the complete contract: 
The advertisement, the instructions to bidders, the proposal, all 
drawings, maps, and plans, hereto attached or herein described, 
the specifications, specific contract, and the contractor"s bond- 

113. Meaning Understood. It is not unusual for 
contractors to enter a plea, either during construction or on 
final settlement, that such and such parts of the specifications 
were not understood, and that their bids were made under a 
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misapprehension. To prevent the making of such a claim the 
following may be inserted: 

Said contractor hereby admits that he has read each and 
every clause in this contract, and fully un4erstands the mean¬ 
ing of the same, and hereby agrees that he will comply with all 
the terms, covenants and agreements herein set forth. E. K. 

114. Provision for the Arbitration of Disputes. 
The following provision for reference of disputes to arbitrators 
as a “condition precedent’’ to legal action is, recommended: 

In the event of disagreement between the company and 
the contractor, they shall submit the matter to arbitration, the 
company choosing one arbitrator, and the contractor one, and 
the two thus chosen to select a third. 

The decision of such arbitrators, or a majority of them, 
shall be made in writing to both parties, and when so made 
shall be binding on the parties thereto. 

The entire expense of such arbitration shall be borne by 
the party against whom the decision is rendered, or in event of 
a compromise decision, shall be borne by both parties in such 
proportion as the arbitrators may decide. Such arbitration 
is intended to avoid litigation and a written ojEfer to submit 
thereto by either party, followed by such arbitration (if said 
offer is accepted and acted upon within twenty ( 20 ) days after 
the same is made) shall be a condition precedent to any action 
at law by either party under this contract. K.. H. 

114a. No Waiver of Legal Rights. In large and 
complicated work it is well to insert a kind of blanket clause 
against a misconstruction of any act of the engineer, or of his 
assistants, or of the owner, by making such act a bar against 
the final enforcement of the contract in all its parts, not actually 
prohibited by such antecedent acts. The following is a good 
form for such a clause: 

Neither the inspection of the company, engineer, or any 
of its employes, nor any order, measurement or certificate 
by the engineer, nor any order by the company for the pay¬ 
ment of money, nor any payment for, nor acceptance of, the 
whole or any part of the work of the engineer or company, 
nor any extension of time, nor any possession taken by the 
company or its employes, shall operate as a waiver of any 
provision of this contract, or of any power herein reserved to 
the company, or any right to damages herein provided ; nor 
shall any waiver of any breach of this contract be held to be a 
waiver of any other or subsequent breach. All remedies pro- 
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vided in this contract shall be taken and construed as cumu¬ 
lative:—that is, in addition to each and every other remedy 
herein provided; and the company shall have any and all 
equitable and legal remedies which it would in any case have. 

R. H. 

114b. The Use of General Glauses in Engineering 
Specifications. While the general clauses* here described 
with illustrative examples may appear to the reader unneces¬ 
sarily voluminous, their purpose and effect is to clearly define 
the business relations of the parties, and to prevent injustice 
being done to either party. They are also calculated to prevent 
litigation and delay in the final settlement, and if they are able 
to effect these ends they are well worth inserting, even where 
the work to be done is relatively small, and unimportant. The 
engineer should be careful, however, that all such clauses are 
consistent as between themselves, and it is best also to naake 
them mutually exclusive. In other words, the same thing 
should not be described or defined in more than one clause, as 
repetitions only weaken the document. Furthermore, no con^ 
dition or limitation should he inserted 'without a full intention 
of strict comfliance. If the engineer begins to relax in his 
requirements in one particular, the contractor will not be slow 
to take advantage of such precedents, and to claim similar 
privileges in other directions. If the engineer could know in 
advance who the contractor was to be, many of the clauses here 
ofifered might be dispensed with, in case the contractor was 
known to be thoroughly honest and competent. The specifi¬ 
cations are prepared in advance, however, and it is wise to 
assume that the contractor will be a more or less irresponsible 
party, without reputation to sustain, and whose sole object is 
personal gain. It must also be understood that the clauses 
here given are offered only as illustrative examples, and not to 
be blindly copied. The engineer in writing the specifications 
should have clearly in mind what the business relations are 
intended to be, and make his general clauses consistent with 
that conception. He could probably consult other specifica¬ 
tions, or the clauses as given above, as suggestions and to 
enable him to avoid omitting some essential condition which he 
wishes to insert. It is believed, by the author, that the clauses 
here quoted have the support of the leading members of the 
profession in this country, and that they are well adapted to 
determine the conditions which the engineers who use them 
desired to impose. It must not be supposed, however, that all 
these general clauses would ever be embodied in any one 
specification. 


PART III. 


Specific Descriptive or Technical Clauses 
in Specifications. 

115. Essential Features of Good Specifications. 
We now come to consider that portion of any given set of 
specifications which relates to and describes the work itself. 
In writing specifications of this kind, the following require¬ 
ments should be complied with: 

(a) The work should be described first as a whole, and 
then in detail. 

(^) Every portion and detail of the work should be 
described in clear and simple language which will be under¬ 
stood by the contractors who are supposed to bid on the work. 
These descriptions should have reference to the ultimate end to 
be accomplished rather than to the means and methods to be 
employed. It is usually not wise to specify methods unless in 
the opinion of the engineer some particular method is far 
preferable to any other. 

(c) The clauses in the specifications should be made so 
far as possible mutually exclusive. That is to say, no part of 
the work should be specifically described in more than one 
place. Repetition of descriptions tends- to weaken the docu¬ 
ment. 

(_d) The specifications should be clear in the matter of 
indicating what is absolutely required without any alternative, 
and what is named as indicating in general the character of the 
product, and in which alternative materials, methods, or results 

will be allowed. If the engineer anticipates that some clauses 
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in the specifications are to be rigidly insisted upon, while others 
will not be specifically enforced, this intention or state of mind 
of the engineer should be revealed in the specifications them¬ 
selves. In other words, the contractor should know in advance 
how the specifications are to be interpreted, so far as it is pos¬ 
sible to give this information in the specifications. 

(e) The last named requirement demands that the engi¬ 
neer should be so familiar with all the details of the work 
described, from actual experience, that he is able to know in 
advance what his decision will be in the various contingencies 
which may arise during the progress of the work. His fore¬ 
sight in this particular must be complete and distinct, which 
can only be the case when the engineer who writes the specifi¬ 
cations has had considerable experience in carrying out practi¬ 
cally the same kind of work, 

(jT) In choosing units of measure, in describing the work, 
to be used for determining compensation, only specific and 
definite units should be chosen, or they should be so defiiied 
as to admit of no double meaning. For instance, to say that 
mortar shall be composed of one part cement to two parts of 
sand comes very far from defining a particular ratio of ingre¬ 
dients. If the words ‘‘by weight*’ be added, it still fails to 
define, inasrnucli as wet aand is much heavier than dry; or if 
the words “by measure” be used, this also fails to define, since 
cement may be measured in the original package, where it is 
thoroughly compacted, or it may he dumped and measured in 
a fluffy condition, in which it occupies some 50 per cent, more 
volume. 

(^) The engineer should he familiar with the ordinary 
methods employed by different kinds of mechanics and should 
so design his work as to obtain satisfactory results without 
requiring a much higher grade of work than is customary by 
the mechanics who will be called upon to execute it. It is 
|)ractically impossible with the most thorough supervision and 
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inspection to get mechanics to vary their ordinary practice 
materially. The failure to recognize this fact often leads 
engineers to specify methods or results which are practically 
unattainable, and this leads either to continual violation of the 
specifications and its accompanying irritations and delays, or to 
an abandonment on the part of the engineer of the strict inter¬ 
pretation of his own specifications. 

(A) In the matter of materials it is customary to specify 
not the very highest and best the market affords, but such a 
grade of material as would be satisfactory in service, and which 
can be supplied by the standard manufacturers of that partic¬ 
ular product. In this way the engineer gets the benefit of a 
wide competition, and of a correspondingly low price. The 
minimum requirements for materials which serves as a criterion 
of rejection determines very largely the cost of the work. If, 
therefore, the engineer in preparing his design bases his calcu¬ 
lations upon what might be commonly known as good or first- 
class materials, with a minimum limit fairly below this generally 
recognized first-class grade, he will usually obtain a material 
practically as good as the market affords, without being 
obliged to pay an extravagant price for it, and without suffer¬ 
ing from the delays and troubles caused by the rejection of a 
large proportion of the material furnished. To base a contract 
on the very highest tests known of a given material, and to 
require this extraordinary quality for all the material furnished 
is extremely unwise. 

(/) If possible to avoid it, it is best not to specify a par¬ 
ticular manufactured product or proprietary article by name. 
If this is done at all, more than one such name should be given 
if possible, and others admitted if shown to be as good as these 
to the satisfaction of the engineer. To limit the materials or 
articles specified to that of a single manufacturer subjects the 
engineer to invidious criticism and suspicion, and it is always 
wise to avoid even the appearance of evil. 
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(/) It is not uncommon to specify that the materials fur¬ 
nished shall be of well known brands, or the products of 
factories or works of established reputation. Similarly it is 
sometimes specified that the contractor himself must show a 
familiarity with the work he proposes to perform. Also in the 
matter of stone, for instance, that it shall be taken from quar¬ 
ries which have been in long use, the stone from which by 
actual use is known to have good weathering qualities. 

Before writing the specification, the engineer must 
also have a clearly defined notion as to the amount of respon¬ 
sibility which is to be placed upon the contractor- If the engi¬ 
neer prescribes the plan, the materials, and the methods to be 
employed, he, of course, assumes all responsibility so far as 
these are concerned, and he can not in justice make the con¬ 
tractor responsible for his own faults.* He should always be 
ready and willing to take upon himself such responsibilities 
pertaining to the design as properly belong to the designer. 
For instance, if the contractor is held responsible for the 
results, he must be given a considerable latitude as to methods, 
and if the engineer prescribes the plan, the materials, and all 
the methods to be employed, he can not hold the contractor for 
the results, or for the successful operation of the project, beyond 
the simple faithful performance of the work prescribed. In 
general the entire responsibility for the successful operation of 
the work should rest upon the engineer. It is only in case of 
extra-hazardous undertakings, which are largely of the nature 
of an experiment, in which no well defined plan is outlined, 
that the contractor is left comparatively free both as to plan 
and execution. It is only in such cases that the engineer Is 
warranted in relieving himself of all rcsponsil)ility, and placing 
the same wholly upon the contractor. There are cases in 
which contractors have, by experience, acquired peculiar 
ability to perform certain kinds of hazardous work, and who 
are willing to undertake the same under a guarantee of sue- 

* See editorial in the Engrincerinfir Record, February 17 , 1900 , 

9 
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cessful execution, under which circumstances, any engineer, 
even of high repute in his profession, would be warranted in 
letting a contract and putting the entire responsibility upon the 
contractor. 

(/) A strong reason for enforcing specifications literally 
and rigidly, instead of accepting some other material or method 
which possibly may be ‘‘just as good’’ is* to be found in the 
relation the engineer and owner hold to other contractors who 
bid upon the work. It is to be presumed that these other 
parties have based their estimates on a strict compliance with 
the specifications, and it is possible that the lowest bidder has 
presumed on his being able to substitute cheaper materials or 
methods for those specified. If he is allowed to do this after 
the contract is let, it is evident that the other bidders have been 
discriminated against to their disadvantage and under a species 
of fraud, which should not receive the encouragement of either 
the engineer or of the owner. It is difficult, therefore, to see 
how a cheaper grade of work can properly be accepted in lieu 
of that specified, even though it be “just as good,” without 
encouraging this practice of presuming upon a cheaper fulfill¬ 
ment, and also without treating the other bidders unfairly 
Other things being equal, therefore, it is best to rigidly enforce 
a contract, even though a cheaper material or method might, 
in the opinion of the engineer, be employed with equally good 
results. Or, if a cheaper compliance is allowed, a correspond* 
ing reduction in price should be insisted upon. 

The above are some of the numerous controlling idea* 
which the engineer should have clearly in mind in the writing 
of a set of engineering specifications. He must know in the 
first place exactly what he wants, and then try to so describe h 
that others can not mistake his meaning. The general and 
detail plans are usually made before the specifications are 
written, and the engineer has these before him in writing the 
specifications, and makes liberal reference to them. Since 
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they are also a part of the specifications, he has the advantage 
of a double language in which to present his ideas, and, if he 
does not succeed in making clear to the proposed contractors 
exactly what is to be done, he should feel that he alone is to 
blame for any misunderstanding. 

116. Specifications Accompanying Complete 
Detail Plans. As described in article 17 , we have in general 
three classes of engineering specifications, describing the work 
itself, namely: 

Specifications accompanying complete detail plans. 

Specifications accompanying a general plan only. 

Specifications unaccompanied by any plan, and commonly 
known as General Specifications. 

When the specifications are accompanied by complete 
detail plans, these plans are prepared before the specifications 
are drawn, and in this case the specific descriptive specifica¬ 
tions are largely composed of descriptions of the materials to 
be used, the methods of manufacture and erection, and of the 
results to be accomplished, or of the tests to which the finished 
product is to be subjected. Such complete detail plans are 
always necessary when a particular and definite plan is to be 
carried out. When the work is to be let in open competition, 
and to the lowest bidder it is also usually best to prepare com¬ 
plete detail plans in order to insure that the bidders will all 
estimate on exactly the same thing, and further, to insure that 
the final product will be satisfactory. In this case the detail 
plans must be duplicated by some of the various methods of 
copying drawings, and in very large and important work 
frequently by photo-lithographing, and these copies of the 
plans submitted along with the specifications to the various 
parties wishing to bid upon the work. If the bidders are 
expected to be those residing in the immediate vicinity, it is 
not so necessary to duplicate these drawings, all the bidders 
being asked to examine the drawings in the office of the 
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engineer. In this case the drawings usually are self-explana¬ 
tory even to the extent of indicating the materials to be used, 
so that the written specifications need not describe the work as 
to its form and dimensions, but are only descriptive of the 
work in a general way. 

117. Specifications Accompanying a General 

Plan Only. In this case the bidder is asked to submit detail 
plans for the work in submitting his bid, the specifications 
being so framed, however, as to reduce all designs which fully 
comply with these requirements to a common standard of 
value. To accomplish this purpose the engineer must be able 
to foresee practically all the various designs which may be 
submitted, and to anticipate all the advantages in economy 
which are likely- to control the preparation of these designs, 
and to make such requirements in the specifications as, when 
complied with, will in his opinion give products of equal effi- 
tiency, capacity, and permanency. In this way the engineer 
gets the advantage of the experience and of tlie inventive genius 
of all the persons bidding upon the work, with the chance 
that he may secure a better design tiian he himself would 
have been able to prepare, and also one which may cost mate¬ 
rially less than his own design. As an illustration of this 
kind of specification, we may have a hri<lge or roof truss of a 
particular general design, the outline drawing showing simply 
the general dimensions, and the location of tlie members, this 
fixing the general style of truss, uhich for some particular 
reason the engineer wishes complied with. The contractor is 
then asked to build a truss on these general lines in compli¬ 
ance with the accompanying written specifications. 

118. Specifications Unaccompanied by Plans, 
Known Commonly as General Specifications. In 

this case no plans whatever are prepared, hut only the most 
general requirements to be satisfied. As, for instance, in the 
case of a bridge, the total span, the loads to be carried, the 
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character of the stream to be bridged (this determining 
the character of false works required, and often determining 
the character of the superstructure itself), the kinds of 
materials to be used in its construction, the maximum unit 
stress allowed in the various parts, etc. Or if the contract is 
for machinery, the specifications may define the amount and 
kind of work to be done, which fixes the capacity of the 
apparatus. They would also define the efficiency or economy 
of operation of the plant, and make various requirements in 
regard to the material used, and methods of construction which 
would be supposed to govern its permanency. In this case, as 
in the one preceding, the engineer must have constantly in 
mind in writing the specifications the possibility of complying 
with them with some kind of cheap product which, while 
fulfilling the letter of the requirements of the specifications, 
would not be at all what he hopes to obtain, or what would be 
consistent with the more standard forms of construction. 


ILLUSTRATIVE SPEOIFIOATIONS OP VARIOUS 
ELEMENTARY PORTIONS OF ENGU- 
NEERING WORK. 

119. Scope and Purpose. It is proposed in the fol¬ 
lowing articles to give illustrative examples of what is consid¬ 
ered good practice in describing many of the more common 
elements of engineering construction. The practice pursued 
in discussing the general clauses in engineering specifications, 
of first considering the purpose of the clause, and then giving 
an illustrative example, will be followed here. Frequently, 
however, more than one illustration will be given, and the 
sources from which they are obtained will also be indicated. 
It is thought this arrangement will serve a better purpose than 
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to give a series of complete specifications of vanons kinds of 
engineering work, without a detailed discussion of the several 
clauses. By the arrangement here used duplication of parts is 
avoided, and the reasons for the particular descriptions can be 
given in their proper connection. These reasons will perhaps 
be more useful to the young practitioner than the particular 
specifications themselves. 


SPEOIPIOATIONS ON EXCAVATIONS AND 
EMBANKMENTS. 

120. Eartli Work, Excavation, and Grading. A 
specification for excavation, or grading, should satisfactorily 
cover the following ground; 

(a) Location and general description of the work, 

(d) As full a description of the character of the materials 
to be excavated as can be furnished. 

(c) A classification of the materials which will be 
employed, and the methods of measurement. 

(d) A description of the lines of limits of excavation and 
fill, including borrow pits, and waste banks, 

(e) The disposition to be made of the excavated materials, 
(jT) The distance to which the material is to be trans¬ 
ported; commonly included under the general hciici of ‘‘Haul,'’ 

It is always wise for the engineer to determine in advance 
approximately the character of the material to be encountered 
and to give to the contractor the benefit of such information. 
It is not wise, however, for him to guarantee the quality of the 
material to be as indicated, since this furnishes to tlie contractor 
grounds for claims which the engineer will find it difficult to 
adjust. The character of the material is usually learned 
approximately by borings along the line of the work. In the 
case of railroad work it is not customary to do this, but from 
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the general knowledge of the geologic formations, the various* 
kinds of materials can be fairly anticipated. 

The specifications should be very explicit and clear beyond 
all possibility of doubt in the matter of grades or classification 
of materials to be encountered, and the methods which will be 
used in measuring the quantities. Innumerable difficulties are 
constantly arising in the carrying out of engineering specifications 
from misunderstandingsonthesepoints. Materials encountered 
in excavation are not only various as to quality, but all grada¬ 
tions are found, so that it is practically impossible to determine 
where one classification or kind of material ends and another 
begins. In fact two engineers will often classify the same 
materials differently under the same specifications, and there is 
no possibility of determining such questions, except by agreeing 
to abide by the decision of the engineer. It is best not to have 
too many classes of materials, and all kinds of materials are 
usually grouped under three general heads, namely: Earthy 
loose rock^ and solid rockJ^ 

121. Grading. The following specifications for railroad 
grading are used by the Pennsylvania Railroad: 

Under this head will be included all excavations and 
embankments required for the formation of the roadbed; cut¬ 
ting all ditches or drains about or contiguous to the road; the 
foundations of culverts and bridges, or walls; the excavations 
and embankments necessary for reconstructing turnpike or 
common roads, m cases where they are destroyed or interfered 
with in the formation of the railroad; and all other excavations 
or embankments connected with or incident to the construction 
of said railroad. 

All cuttings shall be measured in the excavations, and esti¬ 
mated by the cubic yard, under the follow heads, viz: Earthy 
Loose Rock\^ Solid Rock, 

Earth —will include clay, sand, loam, gravel and all other 
earthy matter, or earth containing loose stone or boulders inter¬ 
mixed, which do oot exceed in size three cul)ic feet. 

• In the specifications used on the Chicago Drainage Canal but two classe;^ of 
materials were named, “Solid rock*’and “Glacial drift.” Where no solid rock was 
anticipated, but one class was named and this was called “Excavation.” Sometimes^ 
more than three classes arc recognized and provided for when the grades arc distinct 
and well marked. 
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Loose Rock —shall include all stone and detached rock lying 
in separate and contiguous masses containing not over three 
cubic yards; also, all slate or other rock that can be quarried 
without blasting, although blasting may be occasionally 
resorted to. 

Solid Rock —Includes all rock occurring in masses exceed¬ 
ing three cubic yards, which can not be removed without blasting. 

The roadbed will be graded twenty feet wide in earth cut¬ 
tings and fifteen feet in fillings, except where otherwise directed 
by the engineer, with side slopes of such inclination as the 
engineer shall in each case designate, and in conformity to such 
depth of cuttings and fillings as may have been or may hereaf¬ 
ter be determined upon by said engineer. 

Earth, gravel and other materials taken from excavations 
(except when otherwise directed by the engineer), shall be 
deposited^ in embankments, the cost of removing which will be 
included in the price paid for excavatjori. All material neces¬ 
sarily procured from without the road ami deposited in the 
embankments will be paid for as excavation only. In procuring 
materials for embankment from without the line of the road, the 
place will be designated by the engineer in charge of the work; 
and in excavating and removing it. care musi l»c taken to injure 
or disyfjrure the Imd as liitle as possilile, llie * rnliankm’ents 
will be formed in layers of such depth (generally one foot), 
and the materials disposed and distributee! in such rnanner as 
the engineer may direct, the required allowance for settling 
being added. 

No borrow pits will be opened nearer tiian four feet from 
base of embankment slope, and will receive same slope as cor¬ 
responding embankment. All Imrruw^ pits will he excavated in 
a regular maimer and so as to leave no holes for standing water 
generally with a descent at bottom to allow free passage of 
water. 


Wherever the excavations furnish more material than is 
required for embankments, the will be nsed to increase 

wjdth of emlmnkment, or dejiosited in spf>i} banks or waste 
piles, as and wliere the chief engineer may direct. 

1 he roadbed, in cuts ami on bank.^, to be made in a work¬ 
manlike manner; to be perfectly even ami regular accemding to 
grade stakes as set from time to time by the eiigineiT in clnirge 
and to be exactly of the width directed. " ’ 


All slopes to be formed even ami straight, according to 
slope stakes, and to such inclim* as directed in cnndi case. 

All ditches m cuts or along banks to be made of sucli width 
and grade as the engineer in charge m ly dirret. 

If the c.ontri'KUor shall make excavations or embankments 
m excess of the directed width, uuch excess sliall not be 

paid for. 
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Over culverts and behind bridge abutments the embank¬ 
ments shall be formed carefully, so as to avoid damage to, or 
bulging of, the masonry. Only the best materials will be used 
for this purpose, the same to be deposited in layers of not over 
ten inches thick. The contractor to be responsible for any 
damage to the masonry. 

Contractors, when directed by the engineer in charge of 
the work, will deposit on the side of the road, or at such con¬ 
venient point as may be designated, any stone or rock that they 
may excavate; and if, in so doing, they should deposit material 
required for bank, the additional cost, if any, of procuring other 
materials from without the road will be allowed. All stone or 
rock excavated and deposited as above will be considered the 
property of the railroad company, and the contractors upon the 
respective sections will be responsible for its safe keeping until 
removed by said company, or until the work is finished. 

The line of road, or the gradients, may be changed if the 
engineer shall consider such change necessary or expedient; 
and for any considerable alterations, the injury or advantage to 
the contractor will be estimated, and such allowance or deduc¬ 
tion made in the prices as the engineer may deem just and 
equitable; but no claim for an increase in prices of excavation 
or embankment on the part of the contractor will be allowed or 
considered, unless made in writing before the work in that part 
of the section where the alteration has been made shall have 
been commenced. The engineer may also, on the conditions 
last recited, increase or diminish the length of any section for 
the purpose of equalizing or balancing the excavations and 
embankments. 

Whenever the route of the railroad is traversed by public 
or private roads, commodious passing places must be kept open 
and in safe condition for use; and in passing through farms the 
contractor must also keep up such temporary fences as will be 
necessary for the preservation of the crops. 

The above specification makes no provision for what is 
commonly called “haul.'^ By “hauF’ is meant an additional 
compensation for carrying the excavated material beyond a 
certain limiting distance. Such a provision usually accom¬ 
panies a specification for excavation, and may be given in the 
following language: 

The price paid for “excavation’' in all the several classes 
thereof will be understood to cover and pay for the entire 
expense of its removal by any method whatever, including 
loading, unloading, transportation and deposit in the manner 
® prescribed in these specifications, in the places designated by 
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the engineer, provided the haul of the material so transported 
does not exceed-( ) feet, and beyond that dis¬ 
tance-per cubic yard per one hundred (too) feet will 

be allowed and paid, for such extra haul, in addition to the 
price paid for excavation. 

122. ExcavationB Under Water. Excavations made 
under water are usually for the purpose of securing a channel 
for the passage of boats. In many cases the character of the 
material is quite various, and largely unknown. It is proper 
for the engineer to make such investigations as are practicable 
to discover what these materials are, and to about what depth 
the cutting will have to be made, and to give the contractor the 
benefit of such information. It would not be well for him, 
however, to make positive statements as to the character of the 
material, and he should relieve himself in the specifications of 
all responsibility for the information given. The contractor on 
the other hand should inform himself of the nature of the work 
so far as possible, both by personal examination, and by avail¬ 
ing himself of the investigations of the engineering department. 
The following paragraphs concerning excavations under water 
are taken from the standard specifications used by CoL O. M. 
Poe, of the corps of engineers, U. S. army. 

All available information in the possession of the United 
States will be given upon application. The United States will 
not guarantee the correctness of its informat'um and will not be 
responsible for the safety of the employeeH, plant or materials 
used by the contractor, nor for any tiarnage done by or to them 
from any source or any cause. IJidtlers are CKpected to satisfy 
themselves as to the nature of the work to done, and it will 
be assumed that proposals are based u|>orj a thorough lualer- 
standing of its character. Intending l^itkicrs are urged to visit 
the localities of tlie work, and, hy personal inspection ant! 
inquiry, fully inform themselves as to the |)resent and probable 
future conditions. Navigation shall not ob.stnictcd, and no 
allowance or concession will he nmde for any hu k of informa¬ 
tion on the part of the ct>ntractor regarding tlie work. The 
price bid shall he full compensation for furnishing all necessary 
labor, materials, and appliances of every description, and for 
doing all work herein specified to the satisfaction of the engi- 
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neer officer in charge, and shall include all risks and delays of 
whatever nature attending the execution of the work. 

The work comprises the improvement of two shoals in 
St. Mary’s River, Michigan, above the canal. The upper 
shoal lies northwesterly, and the lower shoal northeasterly from 
old Round Island Light House. 

The work to be done consists in excavating a channel 
within the side and end lines prescribed by the U. S. Agent in 
charge, said channel to have a bottom width of 300 feet, and a 
total length of about 3,000 feet, the estimated excavation being 
90,000 cubic yards, bank measure, more or less. The greatest 
distance to the dumping ground will not exceed two miles, and 
the average distance will not exceed one mile. 

The material to be removed consists of boulders, clay, 
sand, gravel, and possibly hard pan, all in unknown propor¬ 
tions.* 

The bottom of the completed cut shall be in a plane 25.32 
feet, below the upper surface of the coping of the lock of i88i 
in St. Mary’s Falls Canal, the face of excavation probably 
varying from scraping to 5 feet. 

No payment will be made for excavation below 22 feet 
depth of water. All excavations within the specified side slopes 
and between 21 and 22 feet depth of water will be paid for at 
half rates in the final estimates. 

Proposals will be received for bank measure only. For 
the monthly estimates 30 per cent, will be deducted from scow 
measurements, but the total of the estimates made for the upper 
shoal will never exceed the total of the estimates made for the 
lower shoal, until all the required excavation has been finished 
at one of the shoals, and an equal amount of excavation has been 
done at the other.t O. M. P. 

*In letting' this work all materials were entered in one class, even though It were 
solid rock. In this particular instance no solid rock was anticipated, and hence it is 
not mentioned in the list of materials to be encountered, but In other sections solid 
rock was anticipated, and was so entered in the list of materials, but the proportion in 
each class was left for the contractor to estimate as best he could from the investiga¬ 
tions made by the engineering department, and such additional borings a® he might 
make himself, there still being but one price per cubic yard for all materials. The 
responsibility of the contractor in this connection is fully defined, however, in the 
extract given above. 

|This work was let by the cubic yard m measured in bank. That ii from sound¬ 
ings taken both before and aTter the excavation between the side lines indicated, and 
above the depth of at feet. Material excavated below the depth of ai feet and above 
the depth of 32 feet was paid for at half rates. Any excavation below the depth of 33 
feet was not paid for at all. Neither were the excavations made outside the side 
boundaries. In other words the material was paid for in cut as it would be described 
in earthwork out of water. The reason for requiring the work on one shoal to be 
fully completed before an equivalent sum Is paid for the other is to insure the comple¬ 
tion of the work. If a small amount of material had been left above the at foot line in 
various places, the excavation of these scattered portions would he very expensive per 
cubic yaid, and if the contractor had already received the major part of his compensa¬ 
tion it might be difTicult to induce him to finish up the work properly. 
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123. Specifications for Measuring Quantities 
Excavated Under Water by Weight and Displace¬ 
ment. The following specification is taken from the U. S. 
Engineer Corps specifications for excavation in the James 
River, and they illustrate another method of determining 
amount of material excavated. In this case the soundings in 
the river are only used for determining when the excavation 
has been completed to the proper depth, and to prevent excava¬ 
tion beyond a limit of over-depth. 

Classification. —Mud, sand, clay, and gravel, under the 
class ^'‘earth excavation will include those materials, however 
hard or compact they may be, the gravel to include pebbles up 
to three inches in diameter. Cobble’" will include stones up 
to three cubic feet. Rock” will include any rock in 

place which can be removed by dredges without blasting, 
although, for economy in removal, blasting is resorted to, and 
will include the disintegrated rock found for two or three miles 
below Richmond. Solid Rock” will include rock which 
rings under the hammer, boulders measuring over three cubic 
feet, and other rock which, in the opinion of the Engineer 
officer in charge, can not be removed without blasting. When 
soft and solid rock occur together, in strata or otherwise, the 
amount of each will be ascertained by the inspector after the 
material is placed on lighters. Mixed classes of material must 
be separated by the contractor, at his expense, for measure¬ 
ment by displacement as the lighters are unloaded at the place 
of deposit. 

Unclassified Rock. —In place of bidding on soft and 
solid rock separately, an alternate bid may be submitted for 
unclassified rock\ which will include all material described in 
these specifications as rock, whether soft or solid. The bid 
will be for the ton of 2,000 pounds, and the weight will be 
ascertained by displacement, as hereinafter described. The 
bidder on this class will specify a price for ej^tra haul fer ton 
of 2,^000 founds. 

Should the bid for unclassified rock«^ be accepted on any 
section, the price per ton will be stated in the contract in lieu 
of those for soft and solid rock. On such section the con¬ 
tractor must begin the excavation of areas known to be of solid 
rock in part, with other areas, as directed by the Engineer, 
and continue their excavation, or accept an equivalent reserva¬ 
tion in tons, according to the relative cost of excavating soft 
and solid rock, to be determined by the Engineer, until such 
solid rock excavation is made. 
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Measurement of Excavation. —All materials excavated 
in the two and a half miles below Richmond and at Drewry 
Bluff will be measured on deck lighters by displacement of 
water taken at 62 pounds per cubic foot. The basis of meas¬ 
urement for “solid rock^' will be 155 pounds and of soft rock 
120 pounds, and of other classes 120 pounds per cubic foot, 
until otherwise ascertained at the instance of either the Engineer 
or the contractor. These “other classes’' will then be loaded 
on deck lighters (with gauges attached) whose cubic feet of 
submergence has been ascertained for each tenth of a foot. 
The load will be put on in shape suitable for accurate measure¬ 
ment by cross sections; at the expense of the contractor, and in 
such manner that the plane of submergence will be parallel to 
the deck of the lighter, as near as may be. The difference in 
cubic feet of submerged section, light and loaded, at 62 pounds 
to the cubic foot, will be considered the weight of the measured 
load. The lighters must be kept bailed out, and will be con¬ 
sidered loaded with the same weight when afterward sunk to 
the same gauge readings. The proportion of a partial to a full 
load will be determined by the ratio of the displaced volumes 
of water. 

The Engineer may measure the displacement of empty 
lighters at his discretion, and the contractor must free them 
from water at his own expense whenever i*equested by the 
inspector for the purpose of determining their loads. 

Dumping Lighters will not be allowed in transporting 
materials excavated at Drewry Bluff or al>ove, but can be used 
Eor material excavated at Harrison’s Bar and Goose Hill Flats. 

Where dumping lighters are used measurements will be 
made by the capacity of the pockets. 

Decision as to Quantities. —The duty of determining 
the quantity of material carried in or on lighters will be per¬ 
formed by inspectors appointed by the Engineer in charge, and 
the decision of such inspectors, acting under the orders of the 
Engineer, as to the amount of material excavated and removed, 
as well as to its place and manner of deposit, shall be final and 
without appeal on the part of the contractor. 

Over-Depth. —No allowance will be made for dredging 
more than twelve inches below the required depth or outside 
the limits of the channel as marked by stakes or ranges, unless 
such additional depth is necessary to break up strata of rock or 
cemented earth. Increased depth will be allowed in such cases 
if authorized by the inspector, acting under the direction of the 
Engineer. If a deficiency in depth is found the contractor 
must re-excavate the bottom until the required depth is 
obtained. 


142 


ENGINEEBINa SPEOIFIOATIONS* 


Dumping. —Excavated material will be the property pf the 
United States and be disposed of strictly in accordance with 
instructions from the inspector. W. P. C. 

124. Speciflicatioiis for an Earthen Dam. The 
following specification for an earthen dam across a stream fora 
storage reservoir for irrigation purposes is a fair illustration of a 
method of writing the specifications for such a purpose. It is 
sufficiently elastic to allow the engineer great discretion in the 
matter of adapting the methods to the particular material 
encountered, while at the same time it gives to the contractor a 
fair idea as to the amount of work which will be required of 
him, and therefore as to ilB approximate cost. This is really 
all he cares to know at the time he makes his bid* 

The object in the mind of the engineer in writing this 
specification was to make as impervious a dam as possible with 
the materials which were known to exist in the immediate 
vicinity, without making the cost extravagant. The earthwork 
was well insured against overflow by having a very long spill¬ 
way across the dividing ridge between this and an adjacent 
drainage basin some distance above the dam. 

Specification foh an Eahthkn Dam: —After the work 
has been staked out, the top soil aiu! all vegetable matter shall 
l)e wholly removed from the area of tlie work. This area shall 
be cleareti to the satisfaction of the,engineer, and no allowance 
will be made therefor. The materia! removed, which is suffi-^ 
cicntly free from vegetable matter, may afterwards be used for 
building the outer toe of the dam. 

I'hc sides 01 the valley shall be terraced or stepped with 
risers one loot high, over the wdiole area of contact with the 
dam. 1 hesc terraces shall also have offsets hori?;ontally as 
shown in the sketch, lliey shall be cut to the depth indicated 
by the engineer, and the material excavated will be paid for as 
excavation. 

A trench shall be opened from the surface to and into the 
gravel stratum, of the iiimensions as shown on the drawings, 
being about i6 feet wide at the surface, and about 6 feet wide 
at the !)Ottom. 11 ns trench extends the entire length of the 
dam and up to the siile slopes; it extends to the rock after the 
gravel stratum is passed* This work will be paid for as exca¬ 
vation. 






SPECIFICATIONS ON EXCAVATIONS, ETC. 


143 


A puddle core wall extends the whole length of the dam, 
being 6 feet wide at the bottom of the trench, which averages 
about 20 feet below the surface of the ground, averages about 
16 feet wide at the surface of the ground, and is 6 feet wide at 
a point 4 feet below the top of the dam. 

This puddle core is to be a mixture of clay and the grav¬ 
elly sand such as found in the gravel stratum (all of the gravel 
to be such as will pass through a 2 inch ring), in about equal 
proportions. These two kinds of materials will be spread in 
alternate courses about 3 inches thick. The clay courses will 
be harrowed sufficiently to pulverize the hard clods, using a 
disc harrow, or such other machine as may be i^atisfactory to the 
engineer. A gravel course will then be laid and this harrowed 
until it is thoroughly incorporated and mixed with the clay. It 
shall then be wet down and allowed to stand until it is in a 
proper condition for compacting, when it shall be rolled thor¬ 
oughly, to the satisfaction of the engineer, with a grooved roller 
weighing not less than 150 pounds to the lineal inch along the 
axis of the roller. 

On this shall then be laid another 3 inch layer of clay, 
which shall be pulverized by harrowing, to be followed by a 3 
inch layer of gravel, harrowed, wet down and rolled, as before 
described, and so on. If, in the opinion of the engineer, it is 
deemed advisable, or desirable, the clay for the puddle shall be 
pulverized dry before it is spread on the dam. 

The above describes, in a general way, the amount of 
work which will be required to be done on the puddle core of 
the dam, but the particular operations are made subject to any 
changes which the engineer may choose to make, in the inter¬ 
est of a more effectual mixing or compacting of the materials. 
The general drawings show the probable depth to which the 
puddle wall will be carried, but the depth shown is not to be 
considered as exact nor final, as it may be varied according to 
the character of the ground developed by the excavation. 

All that part of the dam on the up-stream side of the core 
wall shall be made of such clay material as the engineer may 
select from that overlying the gravel stratum in the immediate 
vicinity below the dam. It is thought that at least half of this 
overlying clay is suitable for this purpose. It shall be thor¬ 
oughly incorporated with the upper clay underlying the dam by 
first plowing up the surface, after the top soil has been removed, 
and rolling down again as described below. This plowed 
upper surface, and also the clay fill, shall be pulverized in 
courses not over 6 inches thick, by harrowing or rolling, or both, 
before wetting down. It shall then be wet down thoroughly 
and allowed to stand until it is in a proper condition for most 
effectual compacting. It shall then be rolled to the satisfaction 
of the engineer, and in accordance with his directions, with a 
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grooved roller weighing not less than 150 pounds per lineal 
inch of roller, measured along its axis. 

All that part of the dam below the puddle .core wall shall 
be filled with the surface clay in the immediate locality below 
the dam.' It shall be laid in courses not over 6 inches in 
thickness, harrowed and rolled dry to the satisfaction of the 
engineer. It is the intention to make as compact a mass of this 
portion as possible without wetting down. 

J* & F. 

125. Specifications for Ooffer-Dams. The follow¬ 
ing specification for the construction of cofEer-dams, and for 
the methods of paying for the same is taken from a recent U. 
S. Engineer Corps specification for the building of a navigation 
lock and dam on the Great Kanawha river, West Virginia. It 
illustrates how such specifications may be drawn and the work 
paid for in an equitable manner, and how bids may be made 
up upon such work without assuming extraordinary risk, and 
without knowing much of the nature of the material to be 
excavated or of the depths to which the construction will 
extend. 

How Built .—The coffer-dams will be built as shown gen¬ 
erally by the drawings exhibited and as directed by the engi¬ 
neer. They will be formed of cribs sunk to hard pan, sheathed 
with plank and filled with heavy-dredged river-bed material 
not liable to wash. They will be thoroughly banked on the 
outside with clay puddling, or like material, of quality and 
quantity to make them sufiiciently water-tight to be pumped 
out. The crib-filling and the banking outside will be pro¬ 
tected to such an extent, as directed, by a top layer of loose 
stone. 

As the work within the different sections of the coffer¬ 
dams for the dam is finished, the ends of the next section of 
coffer wfill, when required, be made of square sawed timber, 
rods, upright plank and puddle, built across and near the end 
of the finished part Similar timber and plank bulkheads will, 
also, if ordered, be built by the contractor lietween the coffer¬ 
dam for the lock and the lock wall, to form part of the first 
section of coffer-dam for the navigation pass and elsewhere in 
making coffer connections as the engineer may require. 

How Paid Por ,—^The United States will pay the con¬ 
tractor for the dredging and excavation for the site of the coffer¬ 
dams his contract price for ‘‘Excavation.*' B'or logs and 
sheathing used, he will be paid his contract prices for “Crib 
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Logs in Coffer-dam’' and “Sheathing/’ For material used to 
fill the coffer-dam cribs, he will be paid his contract price for 
“Coffer-dam Filling.” The plank and sawed timber used in 
the coffer-ends or bulkheads will be paid for as “Sheathing,” 
and the puddle in same as “Coffer-dam Filling.” It is under¬ 
stood that all labor, all banking, puddling and stone used on 
the outside of the cribs, the spikes and bolts and all material 
not mentioned, required in the construction of the coffer-dams, 
shall be furnished by the contractor without cost to the United 
States. The coffer-dams must be promptly banked to full 
height. No payment will be made for logs or filling above 
the level of the top of the lowest part of unfinished banking. 
No payment will be made for any coffer-dam materials carried 
off by the river or lost in any manner during construction. All 
repairs to the coffer-dams or their adjuncts must be borne by 
the contractor. 

Removal .—The contractor will be required to remove the 
coffer-dams and their belongings at his own cost. The time 
and manner of the removal of the coffer-dams, or any parts of 
them, and the place to deposit the materials, to be prescribed 
by the engineer. 

Ownership .—It is understood and agreed that the pay¬ 
ments for excavation, logs, sheathing and filling, as provided 
for above, shall cover the entire cost of the coffer-dams to the 
United States, and by virtue thereof they shall become the 
property of the United States, in case of the failure or annul¬ 
ment of this contract. 

Dredges and Pmnps .—In building the coffer-dams the 
contractor will be required to employ, at the same time, not 
less than two suitable steam dredges at excavating and filling; 
and for pumping the coffer-dams he must keep at least three 
good sufficient pumping outfits, with pumps, engines and boats 
complete, in, or always ready for, operation. The dredges 
must be equipped to do effective work to a depth of 28 feet. 

W. P. C, 

126. Specifications for Protective Work. It is 
customary for engineers to require the contractor to protect his 
work from all causes, such as landslides, rainfall, floods, 
ground water, quicksand, etc., without any special compensa¬ 
tion therefor. In all such cases the contractor, of course, will 
build his temporary protective works as cheaply as possible, 
and often will not provide that degree of protection which the 
engineer may think is necessary and wise. A fair division of 

the responsibility and cost of such protective works between the 
10 
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contractor and owner is therefore desirable, and the following 
specifications taken from those used on the new Croton Dam of 
New York City, in 1:892, are offered as a very excellent solu¬ 
tion of this problem. 

It will be noted that the cost of such protective works as 
the engineer might consider necessary is to be paid for by the 
citv at the standard prices per unit of measure named in the 
bid, and the engineer is given control of the design and general 
character of such works. The responsibility for the efficient 
execution of such works, however, is made to rest upon the con¬ 
tractor by holding him responsible for all damages caused by 
their inefficiency, except in one instance of an unprecedented 
flood in the Croton river. In which particular case the damages 
are to be duly appraised and paid for by the city. 

It will also be noted that the taking care of the ground 
water by pumping rests wholly upon the contractor without 
special compensation. 

Tlie contractor shall do all other work needed to protect 
his work from water; he shall ercfct all temporary dams, coffer-' 
dams, sheet piling and other devices, tfike care of the river, and 
shall be responsible for ail damage tinit may he caused hy the 
action of water, whether from ne|*ligence or any other cause. 
Such damage is to be repaired, aiul the work must be restored 
and maintained at his coNt. 

All earth and rock excavation, masonry, timber and otlier 
work, temporary or permanent, lor the purpose protecting 
the work from the river, provided that they are ordered or 
approved hy the engineer, are to he paid for at the prices stip¬ 
ulated in this contract. All work of this character is to he 
removed hy the contractor at Iris own expense, if so ordered hy 
the engineer. 

Tlie respimsibility of the contractor as fo damage causetl 
by the inefficiency of the |)rotecti\e work shall cease, however, 
if such damage is caused by the river at a time when tlie flow 
of the river attains such volume as will cause it to rise to a 
hei^ht of mure than eiglity-one indies atu^va* the stone crest of 
the present Croton dam, such height being tiie gieatest recorded 
l>y the city authorities. 

Such djunage as may he caused under the circumstances 
just staled shall he repaired l>y the contractor as soon as practi¬ 
cable, under tlie direction of tlie engineer, wlio sliull appraise 
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the cost of such work of repairs, and the amount of the same 
«hall be paid to the contractor on the certificate of the engineer 
that the work has been completed to his satisfaction; and, after 
such certificate shall have been issued, the contractor shall again 
become responsible for all damage that may be caused by the 
action of the water, in the same manner as is specified above. 

If such appraisal of the engineer is not satisfactory to the 
contractor, the said contractor shall so state in writing to the 
aqueduct commissioners, and, thereupon, a board of arbitra¬ 
tion, composed, first, of the chief engineer, or of such other 
person that the aqueduct commissioners may designate; second, 
of a person selected by the contractor; third, of another person 
to be designated by the other two, shall proceed to appraise the 
cost of such damage, and their decision shall be final and bind¬ 
ing on both parties, provided it is the unanimous decision of the 
three members of the said board; but if the said decision is not 
unanimous, the appraisal of the chief engineer shall stand and 
become final and binding to both parties.^ And, on the cir- 
tificate of the aqueduct commissioners that the said appraisal 
has been made in accordance with the stipulations of this 
agreement, the amount of said appraisal shall be paid to the 
contractor. And the said appraisal, whether made by the chief 
engineer or by the said bqard of arbitration, shall include only 
the cost of the actual work done to repair the damage, and shall 
not include any alleged loss of profit or other loss due to the 
xielay caused by such repairs, but an extension of time shall be 
granted to the contractor for the performance of his contract, 
equivalent, in the opinion of the engineer, to the loss of time 
due to the interruption of the operations of construction on 
account of the said work of repairs. 

The contractor is to do all the draining and pumping which 
shall be necessary for keeping the work free from water, and if 
at any time the engineer is of the opinion that, in order to 
^maintain the slopes and sides of the excavations in proper 
order, it is necessary to remove the water from the ground out¬ 
side,of the, limits of the excavations, the contractor shall, at his 
request, sink the necessary pipes or wells to intercept the water, 
and place, maintain and work such pumping or other exhaust- 
ing apparatus as shall be sufficient to properly maintain the 
said slopes and sides. 

The cost of furnishing the necessary appliances and 
machinery, of working them, and of doing all the work con¬ 
nected with draining and pumping operations, is to be included 
in the prices bid for the various kinds of work which the drain¬ 
ing and pumping operations are intended to protect. 

A. F. 

•This is a new departure in arbitration proceedings, but it has many thinga t* 
'recommend it.—A uthor 
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SPEOIPIOATIONS POE CEMENT MOETAR, OON- 
ORETE, AND MASONRY. 

(For U. Engr. Corps Specilications see appeadix B., p* 517J 

127. Cement Mortar/ Them are in general two 
kinds of cement in common use in America, namly, Portland 
or artificial cement, and Natural cement. Portland cement is 
an artificial mixture of lime and clay properly burned and 
ground. Natural cement is made by burning the natural rock 
which contains approximately the projper ingredients, and 
grinding the calcined product. Portland cements are known 
by their various manufacturer’s names or brands, and are mostly 
imported from Germany, France, and England. Recently a 
number of manufactories have been established in America. 
Natural cements are usually known under a geographical name, 
indicating their place of manufacture, as Rosendale cement, 
made on the Hudson river; Louisville cement, made on the Ohio 
river in the vicinity of Louisville; Utica cement, made at Utica 
in the northern part of the state of Illinois; Milwaukee cement, 
etc. In general the Portland cement costs about three times as 
much as the natural cements and it has tliree or four times the 
strength of these. It is common to require 11 tensile strength 
of from 300 to 400 pounds per s<|nare inch for Portland 
cements, which have hardened one clay in the air and six days 
in water, and about 100 pounds persciuare inch tennile strength 
for natural cements, similarly treated. The Louisville cement 
is quick setting, and a very fair test may be obtained of its 
strength in twenty-four hours, in which case a tensile strength 
of from 60 to So pounds per scpiare inch may In; spechie<b the 
briquettes being allowed to remain one hour in the air, and 
twi*nt\-three hours in water. 

•The reader Is referred to the work on 7 V/e Jifairritth Cimsifuetimij}, 

Wiley Si Sons, New York}, for an estctKktl ion <0 ihr tjirJlinulfi of mauufiirture 

of the different kinds of eemenu, the th«*«>ry of then Nctung him! hatilrniog, the standard 
methods of tenting cements and innrtars in jIish imhI id other ctmniries, and various 
proposed improvements in these methods. Tlie niamifaciurr of Ih.riland cement has 
Increased so rapidly in America within the last few vckr* that it wmdtl seein %ve vvtmld 
soon be able to make all wc retjuirc. The quality of the American cement Is also fully 
ap to that of the best foreign brands. 
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The strength of cement and cement mortar depends 
greatly on the fineness of the cement. This is usually tested 
by passing it through a sieve of from 50 to 100 meshes per 
lineal inch, having from 2,500 to 10,000 meshes per square 
inch. The loo mesh sieve is much to be preferred, and is 
usually specified in the case of Portland cement, since proba¬ 
bly only the particles which would pass through such a sieve 
are really efficient or active in the process of hardening, the 
coarser parts being inert, or as so much sand.^ 

A cement mortar is a thorough mixture of sand with 
cement, first in a dry state, usually in the proportion of one of 
cement to two of sand by measure, with natural cements, and 
one of cement to three or four of sand when Portland cement 
is used. After these ingredients have been effectually mixed, 
sufficient water is added to reduce the composition to the desired 
consistency. It is important that the sand should be clean, or 
free from all earthy ingredients. It is common also to specify 
that it shall be sharp; that is to say, the grains should not be too 
much rounded. Ocean beach sand is apt to be very much 
worn, and not sharp in this sense. River or bank sand is 
usually preferred on this account. 

In specifying the proportions of sand and cement to be 
used in making up a cement mortar, it is customary simply to 
name so many parts of sand to one part of cement, by meas¬ 
ure. It would, as a rule, be inconvenient to determine this 
ratio by weight, but a determination by measure is subject to 
serious objections. For instance, a barrel or original package 
of cement, when dumped or turned out upon a mixing platform 
in a loose and fluffy condition will have nearly 50 per cent, more 
volume tban It had In the original package. It is necessary^ 
therefore^ in order that the meaning of the specifications shall 
he clear^ to indicate whether the proportions by volume shall 
be taken with the cement in the original package^ or in a loose 
state^ after having been emptied from such package. It is per¬ 
mit is now known (1898) that only those particles of cement which are impalpable 
dust, and finer than can be tested by any sieve, are the active portions in the process of 
hardening. The grains of sensible size simply serve as so much sand. 
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haps more convenient to measure the cement after it has been 
emptied from the original package. In any case the engineer 
should decide which method he proposes to adopts and reveal 
this decision in the specifications themselves. It is not suffi¬ 
cient to say that one barrel of cement shall be used for so many ^ 
barrels of sand, thinking thus to have the cement measured in 
the original package, since American cement is commonly de¬ 
livered in sacks, and to get it into a barrel it would require the 
measurement of the cement in a loose condition. One barrel or 
four bags of cement may be taken as equal to four cubic feet 
in volume. The following specification for the making of 
cement mortar Is satisfactory in every respect, except that it 
does not indicate whether the cement is to be measured in the 
original package, or in a loose condition. 

Mortar shall be composed of one measure of cement and 
two measures of sand, and shall be mixed on a tight platform 
as follows: One measure of sand shall be evenly distributed 
on the platform ; and one measure of cement shall be distributed 
on the sand, and a second measure of sand shall be distributed 
on the cement. The sand and cement shall then be thoroughly 
mixed in a dry state, being turned over with shovels until this 
is accomplished. Water shall then be added in a sufficient 
quantity to convert the sand and cement into a mortar which 
will stand in a pile and not be fluid enough to flow. During 
the application of the water the mass must be constantly turned 
with shovels, so that the mortar will be of uniform consistency. 

O. B. 

For determining proportions of cement and sand the fol¬ 
lowing specifications of the Boston Water Works is recom¬ 
mended : 

In preparing mortar and concrete, the cement, sand and 
stone shall be mixed in the proportions by volume herein 
specified. The cement shall be measured when so compacted 
that 300 pounds of dry natural cement or 380 pounds of dry 
Portland cement have a Volume of 3.6 cubic feet. The sand 
and stone shall be measured when not packed more closely 
than by throwing them in the usual way into a barrel or box. 

128. Cement Concrete. * Cement concrete is usually 
composed of cement mortar as described in the previous article, 
mixed with broken stone. It may, however, be composed of 
cement mortar mixed with gravel. EE gravel can be procured 
free from earthy matter, varying in size from coarse sand to 

♦For complete specifications for a Concrete and Steel Bridge, by Edwin Thatcher 
see Engineering News. September 21, 1899 , p. 184 . 
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Btones not more than about two inches in diameter, it would 
serve a better purpose in the manufacture of concrete than does 
broken stone. Experiments have shown also, that when stone 
is broken in a stone crusher and not screened, so that aU the 
finer parts remain in, including the stone dust, a stronger con¬ 
crete results than with the use of the same quantity of screened 
Stone. 

The ideal cement concrete is such a mixture of material of 
graded size, from the largest used down to the finest sand, as 
will make a nearly solid mass, when properly mixed. This 
may then be solidified by uniting with it such an amount of 
finely ground cement as will serve to completely coat each and 
every particle of sand, gravel, or stone, and fill the small voids 
remaining after the graded materials have been thoroughly and 
uniformly mixed. Since crushed rock is always angular it will 
be often impossible to make as solid a concrete mass with it as 
can be made by the use of gravel. When gravel is used it is 
best to have it screened to a series of regularly graded sizes, 
and then such proportions of each successive smailer size used 
as will serve to fill the voids in the larger size. The cement 
finally fills the voids between the small sand grains. 

The sand and cement should always be very thoroughly 
mixed dry, then the coarser material should be thoroughly wet 
and the excess of water drained off, after which the mixed sand 
and ceme,nt should be incorporated with the moistened gravel 
or rock, and a sufficient amount of water added while the mix¬ 
ing is in progress as will reduce the entire mass to the proper 
consistency. The most effectual mixing can be done by 
machinery, but it is more commonly done by hand. iPerhaps 
the best cement mixer is a cubical box mounted on trunions at 
its diagonally opposite corners into which the proper propor¬ 
tions of the constituent parts, including the water, are placed 
and the whole given a certain number of revolutions. There 
are various kinds of continuous mixtures into which the proper 
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proportions of the several ingredients,are thrown somewhat at 
random, and from which the concrete is supposed to continu¬ 
ously fall upon the work in a properly mixed condition. This 
method is probably fully equal to hand mixing, but is not as 
satisfactory as the use of the cubical box above described. 

Concrete should always be laid in courses of from six to 
nine inches in depth, and thoroughly rammed in place in order 
to compact it effectually. If several courses are to be laid in 
order to obtain the required depth of concrete, one course should 
folloTu another as raj^idly as possible, in order that they may 
become effectually joined, and form finally one monolithic 
mass. The amount oj^ viater should he just su^cient to 
cause tt to flush to the surflace by hard ramming'. When the 
work is interrupted at the end ot a day, and other courses of 
concrete are to be laid the following day, and especially when 
Sunday intervenes, the top of the concrete should be covered 
and kept wet, and when the next course is laid the top surface 
of the former should be thoroughly water soaked, and all 
earthy matter removed from it. 

Masonry or otlier heavy weights should not be laid upon 
concrete until it has been allowed to harden, usually as much 
as twenty-four hours. In the case of quick setting natural 
cements, however, twelve hours may be sufficient. 

Since successive freezing and thawing will prevent the 
ultimate hardening of cement mortar, it is customary to pre¬ 
scribe that no masonry or concrete in which cement mortar is 
employed shall be laid in freezing weather. It is a well estab¬ 
lished fact, however, that Portland cement mortar is not injured 
by freezing if it remains in a frozen condition for a considerable 
length of time. Again, when the temperature is not too low, 
but below freezing, freezing of the mortar may be prevented 
by adding salt to the water in making the mortar, or the ingre¬ 
dients of concrete may be heated so that the concrete will have 
set before freezing can take place. 
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The following specification for cement concrete includes 
as a constituent part of it the specification for cement mortar in 
the previous article. That which is given below is supposed 
to follow directly upon the previous quotation, the whole con¬ 
stituting a specification for cement concrete. 

The broken stone shall be wetted down and then thor¬ 
oughly mixed with the mortar by turning it over with shovels; 
no more stone shall be used than can be covered on all surfaces 
with mortar, and the proportion of broken stone in the concrete 
must not exceed five measures of stone to one measure of 
cement. All material must be actually measured in bulk. 

Concrete must be mixed in small and convenient quantities 
and immediately deposited in the work. It must be carefully 
placed, and not dropped from any height. It shall be laid in 
sections, and in horizontal layers not exceeding nine (9) inches 
in thickness, and it must be thoroughly rammed until the stone 
is covered with mortar and a film of water appears on the 
surface. In no case shall concrete be permitted to remain in 
the work if it has begun to set before the ramming is com¬ 
pleted. When concrete is properly made the whole mass 
becomes one stone when it has set, and it is very important 
that it shall be deposited continuously in the work. All sur¬ 
faces upon which concrete is to be laid must be wetted before 
the concrete is deposited. Plank or timber forms must be 
provided when necessary to confine the concrete to the ' shape 
and dimensions shown on the plans. 

Before any weight is placed on concrete it shall have as 
much time to set as can conveniently be allowed, and in no 
case less than twelve (12) hours. 

In cold weather material for concrete shall be heated as 
directed by the en^^ineer. 

The engineer will issue special instructions for concrete 
which is to be deposited under water. O. B. 

The following method* of making concrete by using sea 
washed gravel of standard sizes as obtained from graduated 
screens has given most excellent results. In this mixture there 
were three grades of sand and gravel employed, namely, fine 
sand, coarse sand, and small gravel stones up to one fourth of 
an inch in diameter, and large gravel from one half to two 
inches in diameter. The proportions were one part cement, 
two parts fine sand, four parts coarse sand and small gravel, 

*See article by C. H. Platte, C. E. in Engineering News of February at, 1S95. 
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and eight parts of the larger gravel, making in all one part of 
cement to fourteen parts of sand and gravel, by measure. 
The cement and fine sand were mixed dry. The two grades 
of gravel were then thoroughly mixed and saturated with 
water, the surplus water being allowed to drain oflE. The dry 
mixture of cement and sand was then uniformly spread over the 
wet gravel and thoroughly mixed with it. The water which 
remained adhering to the gravel was found sufficient to moisten 
the cement, and also to insure a uniform distribution of such 
water through the mass. The mixture was then deposited in 
place and thoroughly rammed, and it was found to give a very 
solid and strong concrete. It was found that three and one 
half barrels of cement were used for each four and onehalf 
cubic yards of concrete in place. It is said that the concrete 
was equal in every particular to that made of one part of 
cement, three parts sand, and five parts broken Hme stone. 
This species of concrete was used in the foundations of the 
New York and Brooklyn bridge, and also on some of the New 
York City cable railways- This mixture comes very near 
being the ideal concrete for both solidity and economy. 

The following specification for *‘cyclopean masonry^^ was 
used by the Jersey City Water Supply Company in rgoa for 
the building of a concrete masonry dam. The author reganls 
this as an ideal specification for monolithic construction in large 
masses. The cement was furnisheii liy the owner; tlie prac¬ 
tice enables the engineer to vary the mixtures and the pro¬ 
portions at pleasure. 

Cyclopean Masonry shall be used for substantially the 
whole of the dam including the cut-off walls and the overfiow 
channel to the end of the curve, l)ut not including the exposed 
downstream face of the dam and overflow. This masonry shall 
consist of the largest rubble stones which can be gotten out and 
handled economically from the quarry, laid in cement mortar 
or concrete, the cemeni being furnished by the company. 
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Large and well shaped stones shall be selected for the up¬ 
stream face of the dam and for the downstream face of the dam 
below grade 244.5. These stones shall be laid in full beds ot 
rather wet mortar, care being taken that it fills all spaces. All 
stones shall be jarred into position and shall not be raised after 
once being placed, smaller stones, or spauls, maybe embedded 
in the mortar to fill up large spaces and to prepare the bed for 
the largest stones. All stones shall be well bonded, one-third 
being headers extending at least four feet into the wall. 

All exposed joints shall be flushed full of mortar and after¬ 
wards raked out to a depth of two inches and pointed with neat 
Portland cement. 

The interior portion of the dam shall be laid with large 
blocks of irregular shaped rubble embedded in concrete; this 
concrete shall be composed of cement, stone and ballast as 
above specified, and of proportions to be determined. The 
outside stones of the dam shall be kept built higher than the 
inside; concrete shall then be mixed very wet and dumped in a 
low spot; large stones shall then be lowered as close as practi¬ 
cable together into this soft corncrete and allowed to settle to 
place, care being taken to see that all joints are filled. Light 
rammers shall be used to joggle the concrete and insure its 
flowing into all cracks and crevasses and making an absolutely 
monolithic mass. 

No trowel work will be expected or allowed on the interior 
masonry of the dam. 

The stones may be as irregular in dimensions and shape as 
the quarry can provide, but care shall be taken to secure a good 
bond and break joints both vertically and horizontally, and good 
judgment shall be exercised in distributing the larger stones in 
equal proportion to all* parts, and the longer stones as binders. 
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In spaces large enough to admit a smaller stone being em¬ 
bedded in the concrete, this shall be done; the object being to 
secure a monolithic mass of stone and concrete, with as large 
proportions of stone as it is possible to secure, and a wall as 
nearly impervious to water as it is possible to make it. 

The price of cyclopean masonry shall include the furnish¬ 
ing, loading, transportation, and laying of the stone, ballast and 
sand, the mixing of the concrete, the handling of the cement 
■wAicA will be furnished by ihe company, and all labor and ma¬ 
terial necessary to complete the work as above specified. 

R. H. 

When concrete is used for the purpose of making a wall 
impervious to water, it must be made of small gravel or small 
broken stone, and it must be unusually rich. That is to say a 
large excess of mortar must be employed. With these precau¬ 
tions, with proper care in laying, it is possible to make a prac¬ 
tically water-tight wall of cement concrete. Such a wall or 
partition may be constructed between two rubble stone walls, 
the concrete core being relied on to make the wall practically 
water-tight. 

129. SpecifleaMons for Stone. The following spec¬ 
ifications for stone to be used for various purposes are those in 
use by the Chicago, Milwaukee and St. Paul Railway. While 
certain qualities of stone are here specified, no method is pre¬ 
scribed for determining these qualities. The qualities of build¬ 
ing stone are often examined by means of laboratory tests for 
strength, specific gravity, and for effect of freezing, and also 
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by chemical and' microscopic tests to determine composition 
and structure. While such tests have considerable value in the 
absence of any knowledge from experience, they do not take 
the place of that kind of knowledge which is obtained from 
having observed the strength and weathering qualities in actual 
structures which have been long exposed to the action of the 
elements. It is always desirable, therefore, to have stone from 
quarries of established reputation, the products of which have 
long been upon the market. For this reason where stone spec¬ 
ifications are prepared for a given locality, the engineer may 
inform himself of the most available kind of stone to be used 
at that place, and may specify two or three alternative varieties, 
by naming the quarries. Evidently this would not be practica¬ 
ble where general specifications are prepared for an entire 
railway system of such large extent as that of the Chicago, 
Milwaukee and St. Paul. For this system the specifications 
read as follows: 

Stone, 

Bridge, block rubble and common rubble stone must be of 
sound and durable quality, free from flint seams, powder 
cracks, dry and incipient cracks, flaws and other imperfections, 
and of such character as will resist the action of the weather 
without injury to the masonry in the climates traversed by the 
railway company’s lines. 

All stone, except riprap, shall have its top and bottom 
beds approximately parallel to each other and to the natural 
quarry beds, and shall be approximately rectangular in shape 
with sides perpendicular to its beds. ' 

Bridge stone shall be from 14 inches to 24 inches thick, 
from 4 feet to 7 feet long, and from 2 feet to 5 feet wide; but 
in no case shall its length be less than two and one half times 
its thickness, nor its width be less than one and one half times 
its thickness. 

Block rubble stone shall be from 8 inches to 14 inches 
thick, 2 feet to 5 feet long, and not less than 18 inches wide. 

Common rubble stone shall not be less than 6 inches thick, 
16 inches long, and 10 inches wide. 

Riprap must be of sound stone of such quality that will 
not disintegrate under the action of the weather. It shall be 
of random size and shape, none to be less than 20 pounds in 
weight, and the majority such as can be handled by one man. 
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but no stone to be larger than can be handled by two men 
without the use of a bar. 

The engineer reserves the right to specify the quarry and 
the particular ledge in the quarry from which the stone shall 
be supplied. 

The stone may be inspected before or after shipment from 
die quarry, at the option of the railway company, and in the 
former case the contractor shall furnish the inspector with full 
facilities for examination of the stone. 

The engineer reserves the right to accept or reject any or 
all of the stone for want of conformity with these specifications 
at any time previous to its being paid for in full by the railway 
company, notwithstanding that it may have been previously 
passed upon by the inspector, and in case of such rejection the 
title to the^ stone shall be in the contractor, and he shall be 
charged freight on the same at regular tariff rates. O. B. 

130. Stone Masonry. It is not safe for the engineer 
to undertake to designate a particular class of masonry by a 
particular name, without entering in the specifications a full 
description of the same. The names of classes of masonry 
are too indefinite and are used in too many senses to make it 
safe to pursue such a course. The engineer should, therefore, 
describe in considerable detail exactly the kind of masonry 
construction he desires, and he need not give to such masonry 
any particular class name. If he does use class names, he 
should define them clearly in the body of the specifications. 
Specifications will be given below for several different kinds of 
masonry. 

In laying masonry and in writing the specifications for 
the same, three particular ends should be constantly in mind. 
These are: (nf) evenness and equality of bearing in support¬ 
ing the superimposed load; ( 6 ) so far as possible an entire 
absence of voids or openings in the body of the work; and (c) 
so effectual a bonding of the mass as to cause it to act so far 
as possible as a monolithic structure. If the masonry occu¬ 
pies a prominent situation so that its appearance is a matter of 
importance, the exterior surfaces may be made to conform to 
any desired plan. The following specifications are thought to 
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he self explanatory. They are the general specifications for 
bridge masonry used by the Chicago, Milwaukee & St. Paul 
Railway. While these specifications do not require a very 
expensive grade of work, if fairly carried out they will produce 
permanent monolithic structures of great strength, provided a 
good quality of stone and cement have been employed, the 
specifications for which are issued separately. 

Bridge Masonry. 

All masonry shall be built according to the plans and 
instructions furnished by the engineer, and when built by con¬ 
tract will be measured, estimated, and paid for by the cubic 
yard, and only to the amount of cubical contents of the sanre as 
planned and laid out 

All masonry built by contract shall be subject to the super¬ 
vision of an inspector whose duties it shall be to see that the 
requirements of these specifications are complied with, but his 
presence shall in no way or in any degree lessen the responsi¬ 
bility of the contractor or his obligations. 

The stone used in bridge masonry shall be of the quality 
and dimensions described and known as bridge stone in this 
company’s specifications for stone. 

The stone shall be carefully cut and dressed, forming 
headers and stretchers, which must be laid in regular horizontal 
courses in good cement mortar, with beds and builds level, the 
end and side joints vertical and broken at least fifteen (15) 
inches. 

All foundation or footing courses must be made of select 
large stones not less than eighteen (18) inches in thickness 
and having a superficial area of at least fifteen (15) square 
feet. 

No course of stone shall be less than fourteen (14) nor 
more than twenty-four (24) inches in thickness and each course 
shall be continuous around and through the wall, the courses 
decreasing, when at all, regularly in thickness from the bottom 
to the top of the wall. 

Face stones shall be composed of headers and stretchers, 
and, each stone in any course shall be of the exact thickness of 
the one adjoining it. The outer surfaces are to be rock face, 
but the edges shall be bi'ought to lines corresponding to the 
finished dimensions of the masonry, and there shall be no pro¬ 
jections of over four (4) inches beyond these lines. 

The beds and joints of face stone shall be dressed back at 
least twelve (12) inches from the face of the wall and must be 
•brought to a joint of not more than one half (J4) an inch when 
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laid. The under bed must extend to the extreme back of the 
stone; no overhang whatever will be allowed. 

Stretchers shall not be less in length than two and one half 
(2j^) times their height, and no stone shall have a less width 
^an one and one half (i times its thickness. 

Headers at least four (4) feet long, when the thickness of 
the wall will permit, shall be put in frequently to bond the wall, 
and they shall be so arranged that the headers of any course 
shall fall between the headers of the course immediately below 
it. There shall be one header to every two (2) stretchers, and 
they shall, as far as practicable, hold the size back into the 
heart of the yvall that they show in the face. 

When, the walls do not exceed four (4) feet in thickness 
headers must run entirely through the wall, and in pier work a 
number of them shall extend through, even though the walls are 
of a greater thickness than this. 

When walls exceed four (4) feet in thicknessj there shall 
be as many headers of the same size in the back of the wall 
as in the face, and so arranged that a header in the rear of the 
wall shall be betw^een two headers in the front. 

The backing and interior of the walls shall be of large, 
well shaped stone of a thickness equal to that of the corre¬ 
sponding face stone. No voids over six (6) inches in width 
shall be left between these stone, and all such void must be 
filled with small stones and spawls thoroughly bedded in cement 
mortar or grouted. When the masonry is completed, it must 
contain no voids, and must be, as nearly as prapticable imper¬ 
vious to water. When weep holes are necessary, they will be 
ordered by the engineer. 

All stones shall be prepared by dressing and hammering 
before they are brought on the wall, and must be so shaped 
that their bearing beds will be parallel to their natural beds. 
No heavy hammering will be allowed on the wall after a course 
is set, and, should any irregularities occur, they must be carefully 
pointed off. 

Each stone must be laid on its broadest bed without the 
use of chips, pinners or levelers, in a full bed of mortar, so- 
that no stone shall bear upon another stone at any point without 
a mortar joint intervening. 

Care must be taken not to injure the joints of stone already 
laid. Should a stone be moved or the joint be broken the stone 
must be taken out, the mortar thoroughly cleaned from both 
the stone and the masonry and the stone then reset. 

The stones, in each course shall be so arranged as to form 
a proper bond with the stones of the course immediately 
beneath it, and in. no case shall this bond be less than fifteen 
(15) inches. 
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Both the stone and the masonry must be kept free from all 
dirt that will interfere with the adhesion of the mortar or 
cement to the stone, and in warm weather the stone and the 
masonry must be wet with clean water just before laying. 

When masonry is built in freezing weather, the masonry 
and stone must be thoroughly freed from ice or frost by using 
salt and hot water, and‘ where practicable, the stone must be 
held over a fire just before being set. 

The top surfaces of coping stones of abutments®and piers 
are to be rough cut to a true plane, and the surfaces where the 
bed plates of iron bridges rest shall be bush hammered and 
made level. When the track is on a grade or curve, the eleva¬ 
tion both for the curvature and grade will be provided for in the 
ironwork. Under no circumstances will the masonry be cut on 
an incline for this purpose. 

The front face and top of all mud walls shall be rough 
cut to a true plane. 

Whenever it may be necessary to remove any part of the 
present masonry in extending abutments or piers for second 
track work, it shall be stepped back so as to insure a sufficient 
bond between the new and the old work, so as to break joints 
nowhere less than twelve (12) inches. O, B. 

The following specifications for different classes of masonry 
are taken from the standard specifications used by the Penn¬ 
sylvania Railroad Company. In these specifications three 
separate classes of masonry are recognized, and for any partic¬ 
ular piece of work, it becomes necessary to specify only the 
class of masonry which shall be used in these general specifi¬ 
cations : 

Detailed plans will be prepared by the engineer for each 
structure, and copies of the same furnished to the contractor 
before the commencement of the work. All stone used for the 
different classes of masonry must be sound, durable and not 
liable to be affected by the weather, and shall be subject to the 
approval of the engineer. • 

Masonry will be classified as follows: 

First-class masonry shall consist of ranged rock work of the 
best description. The face stones shall be accurately squared, 
jointed and bedded, and laid in regular horizontal courses, not 
less than twelve inches in thickness, decreasing regularly from 
bottom to top of the walls. They shall consist of headers and 
stretchers, and there shall be at least one header to every two 
stretchers, and they shall be so laid that, as nearly as practica-^ 
ble, the headers in each course shall divide equally, or nearly 
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so, the spaces between the headers in the course immediately 
below. Stretchers shall be not less than three feet long and 
sixteen inches in width. Headers shall not be less than three 
feet in length and eighteen inches in width, and shall hold the 
size back into the heart of the wall that they show in the face. 

When the walls do not exceed four feet in thickness the 
headers shall run entirely through, and when they exceed that 
thickness there shall be as many headers of the same size in the 
rear as in the front of the wall, so arranged that a header in 
the rear of the wall shall be between two headers in the front. 

Every stone must be laid on its natural bed, and all atones 
must have their beds well dressed and made always as large as 
the stone will admit of. Mortar joints shall not exceed one 
quarter inch in width; the vertical joints of the face must be in 
contact at least four inches, measured in from the face, and as 
much more as the stone will admit of. The stone will be cut 
with pitched edges, but all corners, batir lines, steps and cop¬ 
ings must be run with a neat chisel draft of one and one half 
inches on each corner, and the projections of the rock face 
must not exceed three inches beyond the face of the pitch or 
draft lines of the stones. The stones of each course shall be 
so arranged as to form a proper bond with the stones of the 
underlying course, and the bond shall in no case measure less 
than one foot. Stretchers shall in no case have less tlian six¬ 
teen inches bed for a twelve inch course, and for ail courses 
above sixteen inches in thickness, at least as much bed as face. 
The whole of the masonry shall be laid in cement mortar, each 
stone being carefully cleaned and dampened before setting and 
each course shall be thoroughly cemented l>efore the succeed¬ 
ing course is laid. No hammering on the wall will be allowed 
after the course is set; if any irregularities occur they must be 
carefully pointed off. The backing shall consist of stones with 
beds dressed to one half inch, and of a thickness equal to that 
of the corresponding face stones; they shall be laid in full 
cement mortar beds, so as to l)reak joints and thoroughly bond 
the work in all directions, and on the completion of each course 
the space between the large backing stones (none of which 
spaces will be over six inches wide) shall he filled with small 
stones and spalls, thoroughly bedded in cement mortar or 
grouted. 

All foundation courses must he laid with select large 
stones not less than eighteen inches in thickness, nor of less 
superficial surface than fifteen square feet. All bridge seats, 
steps and tops of walls should be finished with a coping course 
of such dimensions and projection as may be ordered by the 
engineer, dressed and cut to a true surface on top and on the 
showing faces and in conformity with diagrams for the same, 
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which shall be furnished by the engineer. If required, all 
copings shall be fastened together with clamps of iron. 

First-class arch masonry shall be built in all respects in 
accordance with the above specifications for first-class bridge 
masonry. The ring stones shall be dressed to such size and 
shape as the engineer may determine, and of the thickness 
shown on the plans. The joints must be made on true radial 
lines, and the face of the sheeting stones must be dressed to 
make close joints. The ring stones and arch sheeting stones 
shall break joints not less than one foot. The wing walls shall 
be neatly stepped in accordance with the drawings furnished, 
with selected stones the full width of the wing and not less 
than fourteen inches thick, and no stone shall be covered less 
than twelve inches by the one next above it. 

The parapets shall be finished with a coping course of 
full width of parapet, with such projection as may be directed 
by the engineer; the coping to be not less than fourteen inches 
thick and to be fastened together with wrought iron clamps. 

Second-class bridge masonry shall consist of broken or 
random range work of the best description. The face 
stones shall be dressed to a uniform thickness throughout before 
being laid, but not hammered, and shall be laid with, horizon¬ 
tal beds and vertical joints on the face. No stone shall be less 
than eight inches in thickness, unless otherwise ordered by the 
engineer. There shall be at least one header to every three 
stretchers, and both headers and stretchers shall be of similar 
size, when the thickness of the wall will admit, but neither 
shall be less than three feet in length and fifteen inches in 
width. The same arrangement of headers shall be required as 
is specified for first-class bridge masonry. Mortar joints shall 
not exceed one half inch in thickness. All corners and quoins 
shall have hammer dressed beds and joints. All corners and 
batir lines shall be run with an inch and a half chisel draft. 
The vertical joints of the face must be in contact at least four 
inches, measured from the face, and as much more as the stone 
will admit of. The work need not be laid up in regular courses, 
but shall be well bonded. The stones shall be cleaned and 
dampened before setting and shall be laid in cement mortar. 
The backing shall consist of stones of the same thickness as the 
adjacent face stone, laid in'full cement mortar beds with good 
joints and bonds, and the spaces filled with spalls, thoroughly 
bedded in cement mortar, or grouted, as specified for first-class 
bridge masonry. Bridge seats, steps and tops of walls shall be 
coped in the same manner as specified for first-class masonry. 
Stones in foundation courses shall be of not less than twelve 
inches thickness and ten square feet of surface. 

Second-class arch masonry shall be laid in cement mortar, 
and shall be of the same general character and description m 
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second-class bridge masonry, with the exception of the arch 
sheeting, for which proper stones shall be selected that shall 
have a good bearing throughout the thickness of the arch, and 
shall be well bonded and be of the full depth of the arch. No 
stone shall be less than six inches in thickness on the intrados 
of the arch. The ring stones of all arches shall conform to the 
specifications for first-class arch masonry. 

Third-class masonry shail be laid dry, or in lime or cement 
mortar as may be directed by the engineer. It shall be formed 
of good quarry stones, laid upon their natural beds, and roughly 
squared on the joints, beds and faces, the stones breaking 
joints at least six inches, and with at least one header for 
every three stretchers. No stone shall be used in the face of 
the wall less than six inches in thickness, or less than twelve 
inches on the least horizontal dimen.sions. Headers shall be at 
least three feet long, or extend entirely through the wall. The 
eiids of all walls shall be dressed and finished in accordance 
with the plans. _ The stones in the foundations must not be less 
than ten inches in thickness, and shall contain not less than ten 
square feet surface, and each shall be firmly, solidly and care¬ 
fully laid. 

In box culverts the top courses of the side walls shall 
extend entirely across the walls, and the covering stones shall 
have a bearing of at least one foot on each wall. The thickness 
of covering stones shall not be less than ten inches for two feet 
openings; not less than twelve inches for three feet openings, 
and not less than fifteen inches for four feet openings. Unless 
built on timber foundations reaching entirely across the open¬ 
ing, the space between side walks of box culverts mu.st be paved 
with stone, set on edge, not less titan eight inches deep, and 
well secured at the ends with deep curbing, P. R.y. 

131. Specifications for Stone Masonry for a 
Large Stone Dam. The following specifications for stone 
masonry are those which were used in the con.struction of the 
new Croton dam. New York City, iSyz. They are com¬ 
mended especially for their securing a most efficient, solid, and 
impervious grade of work, at a minimum cost. Thus the body 
of the dam, composed of rubble stone masonry laid in cement 
mortar, thoroughly bonded, and made entirely solid, cost from 
$3.40 to $4.00 per cubic yard, the cement mortar being one of 
Hosendale cement to two of sand, the stone having to be 
hauled about one mile. 







SPECIFICATIONS FOp STONE MASONBY. 


165 


Another significant feature of these specifications is the 
• paying for the face dressing per unit of surface in addition to 
the standard price per cubic yard, the matter of this face dress¬ 
ing being left until the work is executed. In this way such 
small details need not be determined in advance and indicated 
upon the drawings. 

Stone Masonry, 

All stone masonry is to be built of sound, clean quarry 
stone of quality and size satisfactory to the engineer; all joints 
to be full of mortar, unless otherwise specified. 

Dry rubble rhasonry and paving are to be laid without 
mortar, and are to be used for walls, for the slopes of the dam 
embankments, and at any other place that may be designated. 

This class of masonry is to be of stone of suitable size and 
quality, laid closely by hand with as few spawls as practicable, 
in such manner as to present a smooth and true surface. The 
work is to be measured in accordance with the lines shown on' 
the drawings or ordered during the progress of the work. The 
stones used must be roughly rectangular; all irregular projec¬ 
tion and feather edges must be hammered off. No stone will 
be accepted which has leas than the depth represented on the 
plans or ordered. Each stone used for paving must be set 
solid on the foundation of broken stone or earth and no inter¬ 
stices must be left. 

In the dry rubble masonry walls, large stones must be 
used, especially for the faces, and the walls must be bonded 
with frequent headers, of such frequency and sizes as shall be 
approved by the engineer. 

Riprap may be used in connection with the protective 
work, and wherever the engineer may order it. It shall be 
made of stone of such size and quality and in such manner as he 
shall direct, and must be laid by hand. 

After the slopes which are to receive the paving have been 
dressed, a layer of broken stone is to be spread as a foundation 
for the paving, wherever ordered. The broken stones must be 
sound and hard, not exceeding two inches at their greatest 
diameter. Broken stone, not exceeding one inch in diameter, 
may be used for forming roadways; it is to be spread to such 
thickness as ordered and heavily rolled or rammed. Broken 
stones may be used also wherever the engineer may direct, 
rolled if so directed, and paid for under this head, except the 
broken stone used for making concrete, the cost of which is 
included in the price hereinbefore stipulated for concrete laid. 
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Rubble stone masonry is to be used for the central part of 
the dam, for the overflow, for the center walls of the earth 
embankments, for most of the structures and appurtenances of 
the dam, and wherever ordered by the engineer. 

Rubble stone masonry shall be made of sound, clean stone 
of suitable size, quality and shape for the work in hand, and 
presenting good beds for materials of that class. Especial care 
must be taken to have the beds and joints full of mortar, and 
no grouting or filling of joints after the stones are in place’ will 
be allowed. The work must be thoroughly bonded. The faces 
of the rubble stone masonry, especially the up-stream face of 
the walls, shall be closely inspected after they are built, and if 
any mortar joints are not full and flush, they shall be taken out 
to a depth of no less than three inches or more, if so ordered 
and repointed properly. 

A large quantity of rubble stone masonry, in mortar is to 
be used in the construction of the central part of the dam and 
of the center wall and overflow. 

The stones used therein must be sound and durable; they 
inust have roughly rectangular forms, and all irregular projec¬ 
tions and feather edges must be hammered off. Their beds 
especially, must be good for materials of that class, and present 
such even surfaces that, when lowering a stone on the level 
surface prepared to receive it, there can be no doubt that the 
mortar will fill all spaces. After the bed joints are thus secured, 
a moderate quantity of spawls can he used in the preparation 
of suitable surfaces for receiving other stones. All other joints 
must be equally well filled with mortar. '' 

. The quality of the beds is to regulate, to a large extent, the 
size of the stones used, as the difliculty of forming a good bed 
joint increases with the size of the stones. 

Various sizes must be used, and regular coursing must be 
avoided, in order to obtain vertical as well as horizontal bonding. 

The sizes of the stones used will vary also with the char¬ 
acter of the quarries, but, especially in the places where the 
thickness of masonry is great, a considerable proportion of large 
stones is to be used. If the size and character of the stones in 
the opinion of the engineer, shall admit of it, the joints (except 
the beds), in.stead of being filled with mortar, may, at his 
requestor on his approval, be filled with concrete "made as 
hereinbefore .‘.pecifieil, with the exception that the component 
materials be mixed in the proportion of one part of cement to 
three parts of small stone or gravel of such size as the engineer 
shall direct, and thoroughly rammed, care being taken to use 
a moderate amount of water only which nni.st be brought to 
the surface by ramming, such filling of joints with concrete to 
leave no vacancies and to be thoroughly made. If concrete is 
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60 used, the spaces left between the stones should not be less 
than six inches, in order that proper ramming can be obtained. 

No extra compensation shall be paid to the contractor for 
the use of such concrete, the cost of which is to be included in 
the price herein stipulated for the masonry in connection with 
which it is used. 

The exposed faces of the main wing wall, of road culverts, 
of some of the walls and of any other rubble work that the 
engineer may designate, are to be made of broken ashlar with 
joints not exceeding one half inch in thickness; the stones not 
to be less than 24 inches deep from the face, and to present 
frequent headers. This face work to be equal in quality and 
appearance to the face of the breast wall in front of'the new 
gate house at Croton dam (Section i), and to be well pointed 
with Portland cement. This face work is to be paid for by the 
square foot of the superficial area for which it is ordered, in 
addition to the price paid per cubic yard of rubble stone 
masonry. 

Block stone masonry is to be composed mainly of large 
blocks and is to be used for the steps of the overfall or for 
other steps, or whenever and wherever ordered by the engi¬ 
neer. It is to be laid in Portland cement mortar, well pointed, 
or may be ordered laid dry at the price stipulated in clause O, 
item (<?). 

This stone, which is to receive the shock of water and ice, 
is to be especially sound, hard and compact, and of a durable 
character; it is to be prepared tp the dimensions given so that 
no joint will in any place be more than one inch wide. The 
outside arrises must be pitched to a true line. 

The outer faces of the masonry dam and of its gate 
chambers, of the overflow (except steps), and of any other 
piece of masonry that may be designated, are to be made of 
range stones, as shown on the plans, the stone to be of unobjec¬ 
tionable quality, sound and durable, free from all seams, dis¬ 
coloration and other defects, and of such kind as shall be 
approved by the engineer. 

All beds, builds and joints are to be cut true to a depth of 
not more than 4 inches, and not less than 3 inches from the 
faces to surfaces allowing of one half inch joints at most; the 
joints for the remaining part of the stones not to exceed two 
inches in thickness at any point. 

All cut arrises to be true, well defined and sharp. 

Where this class of masonry joins with granite dimension 
stone masonry the courses must correspond, and the joining 
with arches and other dimension stone masonry must be 
accurate and workmanlike. 

Each course to be composed of two stretchers and one 
header alternately, the stretchers not to be less than 3 feet long 
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nor more than 7 feet long, and the headers of each successive 
course to alternate approximately in vertical position. 

The rise of the courses may vary from bottom to top from 
30 inches to 15 inches in approximate vertical progression, and 
the width of bed of the stretchers is not to be at any point less 
than 28 inches. The headers are not to be less than 4 feet in 
length. 

This class of masonry, for the faces of the dam and gate 
chamber, including the headers, is to be estimated at 30 inches 
thick throughout. At other places that may be designed by 
the Engineer, the size of the stones is to be established by him, 
and the facing stone masonry is to be estimated according to 
the lines* ordered or shown on the plans. In no case are the 
tails of the headers to be estimated. 

The work to be equal in quality and appearance to the 
facing stone masonry work built by the aqueduct commis¬ 
sioners for their masonry dam across the east branch of the 
Croton River near Brewster* 

All copings that may be ordered and the heads of the 
arches of the highway culverts, will be classed as facing stone 
masonry. 

The price herein stipulated for facing stone masonry is to 
cover the cost of pointing, of cutting chisel drafts at all corners 
of the gate-house dam and other corners, and of preparing 
the rock faces; but if any six-cut or rough-pointed work is 
ordered in connection with this class of masonry it shall be 
paid for at he prices therein stipulated for such work. 

The face bond must not show less than 12 inches lap, 
unless otherwise permitted. 

The pointing of the faces to be thoroughly made with pure 
Portland cement after the whole structure is completed; unless 
otherwise permitted, every joint to be raked out therefor to a 
depth of at least two inches, and, if the engineer is satisfied 
that the pointing at any place is not properly rnade, it must be 
taken out and made over again. 

Granite dimension stone masonry must be made of first- 
class granite of uniform color, free from all seams, discolora¬ 
tion and other defects, and satisfactory to the chief engineer. 

It is to be used for the gate openings in the gate cliam!)er, 
for the coping of the dam, for the gate-house siiperstnictures 
and for the crest and first step of the overflow, and at any other 
place that may be designated by the engineer. 

The stones shall be cut to exact dimensions, and all angles 
and arrises shall be true, well defined and sharp. 

All beds, builds and joints are to be dressed, for the full 
depth of the stone, to surfaces, allowing of one quarter () 
inch joint at most. No plug hole of more than 6 inches across 
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or nearer than 3 inches from an arris is to be allowed, and in 
no case must the aggregate area of the plug-hole in anyone 
joint exceed onequarter of its whole area. 

The stone shall be laid with onequarter inch joints, 
and all face joints shall be pointed with mortar made of clear 
Portland cement, applied before its first setting. All joints to 
be raked out to a depth of two inches before pointing. 

The pointing of all masonry, including the faces of the 
main body of the dam and of the center walls which are below 
the ground, is to be done thoroughly with Portland, cement 
mortar, mixed clear where used for all exposed faces of brick 
and cut stone masonry of all kinds (including the rubble 
facing); and mixed for other work in such proportion as the. 
engineer shall determine. The cost of all pointing is to be 
included in the price stipulated for the masonry to which it is 
applied. 

The exposed faces of the cut stone are to be. finished in ■ 
various ways, in accordance with the various positions in which 
they are placed. They shall be either left with a rock or 
quarry face, rough-pointed, or fine hammered (six-cut work). 

The various classes of face dressing must be equal in 
quality and appearance to those on the sample in the office of 
the chief engineer. 

In rock face work the arrises of the stones inclosing the 
rock face must be pitched to true lines; the face projections to 
be bold, and from 3 to 5 inches beyond the arrises. The 
angles of all walls on structures having rock faces are to be 
defined by a chisel draft not less than i inches wide on each 
face. 

In rough-pointed work, the stones shall at all points be full 
to the true plane of the face, and at no point shall project 
beyond more than % inch, the arrises to be sharp and well 
defined. Each stone to have its arrises well defined by a chisel 
draft, which is included in the price for rough-pointed dressing. 

In fine hammered work the face of the stones must be 
brought to a true plane and fine dressed, with a hammer having 
six blades to the inch. 

In measuring cut stone masonry, when the stones are not 
rectangular, the dimensions taken for each stone will be those 
of a rectangular, cubical form which will just inclose the neat 
lines of the same. The price herein stipulated for granite 
dimension stone masonry is to cover the cost of preparing the 
rock faces, of making the chisel drafts, and of preparing all 
holes and recesses and grooves. 

No payment will be made for cutting grooves and recesses 
other than the price paid for the dressing of their surfaces, 
which are to be fine hammered. 
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For rough-pointed and fine-hammered (six-cut) dressfncr 
a price per square foot of dressing will be paid in addition to 
the price per cubic yard of masonry, viz: 

For rough-pointed dressing, the price stipulated in clause 
Q, item (^), and for fine-hammered (six-cut) dressing*, the 
price stipulated in clause O, item (5). ^ 

The exposed parts of the cut stone are generally to be 
prepared with rock face. ^ 

The inside surfaces and copings are generally to be 
rough-pointed. 

AH the gateways, grooves, sills, floors, aad all other 
surfaces designated by the engineer are to be fine-hammered. 

A. P. 

132. SpeoificatiojQs for Pirst-olass Bridge Ma¬ 
sonry. The following specification for first-class bridge 
masonry represents the current practice of one of the leading 
American engineers: 

I, stones shall be laid in regular courses. Copings 

shal be cut twenty-seven (27) inches thick. Belting courses 
shall be cut twenty and one-half ) inches thick. Starlin? 
copings and footings shall be cut thirty (30) inches thick. No 
course shall be of less thickness than the belting courses: no 
course shall exceed thirty-six (36) inches in thickness and no 
course except the coping and the course immediately over the 
footings shall be thicker than the course beneath. 

of drab-colored stone from the quarries 
near Bedford, Indiana, or other stone of as good quality 

I- from the Bedford I 

other Oolitic limestone quarries will not be accepted. The un¬ 
stream cut-water stone in every course below Ml. 330 shall L 
of granite, and also the bridge-seat slo.ies in the copings as 
shown on the plans. The remaining coping-stones and 'the 

fice'sloS'"’'* "* quolily „ the 

fnr “^“nes of each class shall be strong, compact, of nni- 
dumbility.^ ** engineer might impair its strength or 

All stones shall lie on their natural beds in the piers. 

Each bed of every stone shall measure at least thirty-six 
(36) inches in each direction, except that where the thickness 
of the course is less than twenty-four (2.}) inches the bed need 
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not exceed one and one-half (ij^) times the thickness of the 

stone. „ . 

The bottom bed shall always be the full size of stone, and 
no stone shall have an overhanging top bed. 

Joints shall be broken at least fifteen (15) inches on the 

jEdiCCa 

Stretchers shall not be less than four (4) nor more than 
seven (7) feet long, and stretchers of the same width shall not 
be placed together vertically; but this shall not be applied to 
stretchers where headers come centrally between stretchers; 

Headers shall be at least five (5) feet long wherever the 
thickness of the pier permits. They shall be at least three- 
quarters (^) their full width for the whole length. There 
shall be generally four (4) headers in each side of every course 
between shoulders and never less than three (3) and a like 
proportion in the curved ends. 

The face lines of each course shall be true, and the rise as 
fixed by the face lines shall not vary anywhere more than one- 
fourth inch from the true rise of the course. 

The upper and lower beds shall be truly parallel planes 
and cut to conform to the requirements for the face lines. 
Depressions of more than one-half (} 4 ) inch below the plane 
of the beds shall not exceed one-tenth (i-io) of the area of the 
bed in limestone, or one-eighth (5^) of the area of the bed in 
granite. There shall be no depressions of more than two (2) 
inches below the plane of the beds. 

Joints shall be cut at right angles to the face and beds of 
the stone unless otherwise shown on special plans. The cutting 
for at least twelve (12) inches back from the face shall be the 
same as that required for the beds. 

The vertical joints of face stones shall not average more 
than one-half (J4) inch and shall not exceed three-fourths (^) 
inch. 

The curved faces of the up-stream cut-water of all piers 
except Pier I shall be fine-pointed, with no projections exceed¬ 
ing. one-half (J4) inch. 

The copings, including those over the pointed starlings, 
shall have all exposed surfaces, including the projecting portion 
of the lower bed, bush-hammered with true lines and surfaces. 

A four (4) inch draft line shall be cut on all vertical angles 
and around the lower edge of the face of the belting course. 
The projecting portion of the lower bed of the belting course 
shall be bush-hammered. 

All other portions of the piers shall have a rough quarry 
face with no projections exceeding three (3) inches, the quarry 
face to average at least one and one-half inches from the 
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pitch lines of the joints and never to run back from such pitch 
lines. 

* The copings shall be cut with close joints throughout the 
whole course, according to special plans. 

No grab holes shall be made on the face of the copings or 
on the pointed work of the cut-water. 

All stones must be carefully cleaned and wet before setting, 
and no mortar beds shall be laid until the course below has 
been cleaned and wet. 

Every stone shall be laid in a full bed of mortar and settled 
to a proper bearing, no levelers being allowed. ■ 

The vertical joints between stones shall be filled with soft 
mortar worked in with a trowel and a long thin blade until the 
joints are completely filled. 

The joints, both horizontal and vertical, shall he cleaned 
out to a depth of one and one-half (t}4) inches and pointed in 
mild weather, the mortar to be driven in hard with a calking 
iron and the surface finished with a rounded tool. 

When masonry is laid in freezing weather such precautions 
shall be taken to prevent the freezing of mortar before setting 
as the engineer may direct. 

The stones of the curved up-stream starlings of Piers II, 
III, IV, V and VI shall be doweled into those of the course 
below with one and one-eighth (i>|) inch steel dowels extend¬ 
ing six (6) inches into each course, these dowels to be placed 
about ten (lo) inches back from the face and seven (7) inches 
on each side of each joint- I'he stones of the upper course 
sliall be drilled through before setting, after vvhicit the holes 
shall be extended six (6) inches into tlte course beneath and 
cleaned out; a small <|iiantity of mortar sliall tlien be put into 
the hole, the dowel <ln>pped in and pushed down and the hole 
filled with mortar and well rammed. Ute stcmcs in the up¬ 
stream end ol the l)uttress of Pier VI and those in the west face 
of the same for a distance of twenty (20) fe(*t from tlie down¬ 
stream end shall he doweled in the same manner. 

The joints of tlie three courses Itehnv the coping shall b«* 
cramped with cram|)H of one (i) inch round steel sixletm 
inches long, the ends put four ( | ) inches into each stone. 

The backing, except for three courses ladowthe copingshall 
be of concrete of the proportions o‘f one ( i ) volume of cenumt to 
two and one-half ( 3 ) 4 ) volumes of samI and five (5) voluitics 
of broken stone. 

In the tliree courses immediately under the coping the 
l>acking shall be of limestone of the same cfuality used for face 
stone, cut to the same thickness, and the l>ecls cut in the same 
manner. The spaces not occupied hy the large stones shall 
not be more than one-sixth (i) 01 the area of the course inside 
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of the face stones. These spaces when large enough to perrnit 
shall be filled with concrete similar to that used for backing in 
the courses below. Joints too small to be filled with concrete 
shall be filled with mortar of the same composition as used for 
setting face stone. The contractor shall submit to the engineer 
for approval course plans showing the dimension^ of every 
large backing stone in these courses. In preparing these plans 
special attention shall be given to the bonding of the stones 
under the bridge seat so that the superstructure load may be 
well distributed over the top surface of the concrete backing. 

The cement will be furnished by the bridge company, 
but the contractor will be held responsible for all waste or 
injury after it is delivered to him from the company's 
warehouse. 

Sand for mortar or concrete shall be clean, sharp, coarse 
river sand, or other sand of equal quality in the judgment of 


the engineer. ^ 

Broken stone shall be of hard, sound, clean limestone. It 
shall be broken by machine and screened in a^ rotary screen 
which shall remove all dust and fragments which will pas^ 
through holes three-eights (|) inch in diameter and all pieces 
exceeding one and one-half (ij4) inches in diameter. 

In proportioning materials for mortar and concrete, one 
(i) volume of cement shall be taken to mean three hundred 
and eighty (380) pounds net; one volume of sand or broken 
stone shall be taken to mean .three and one-half (3 J4) cubic 
feet packed or shaken down. Measurements of sand and 
broken stone shall be made in barrels or boxes. Measurements 


in wheelbarrows will not be permitted. 

In preparing mortar the specified amounts of cement and 
sand shall first be mixed dry to a uniform color. The water 
shall then be added in such a manner as not to cause any wash¬ 
ing of the cement, and the mixing proceeded with until the 
mortar is thoroughly mixed and uniform in appearance. 

Wherever possible concrete shall be mixed with a machine 
approved by the engineer. Preference will be given to a 
machine which will mix concrete in batches, the cement, sand 
and broken > stone, measured as specified in paragraph , 
placed in the machine and mixed dry. the proper an^ount ot 
water then added and the mixing completed. 

When it is impracticable to mix concrete by a machine, it 
may be made by hand with the special permission of the 
engineer. The mixing shall be done on a platform of boards 
or plank securely fastened together. The mortar shall first be 
made as above specified. The broken stone, previ¬ 
ously wetted, shall then be added and the mortar and 
stone turned over with shovels until the mortar is uniformly 
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distributed through the mass and every stone is coated with 
mortar. 

Concrete shall be deposited in the work in such a manner 
as not to cause the partial separation of the mortar and stone 
It shall be spread in horizontal layers from six (6) to twelve 
(12) inches in thickness and thoroughly rammed. The ram¬ 
mers shall weigh at least twenty (20) pounds; the end area 
shall not exceed twenty (20) square inches. The consistency 
of the concrete shall be as required by the engineer from time 
to time, but will generally be such that the concrete will quake 
under hard ramming* ^ 

No mortar or concrete shall be used after it has begun to 
set; when setting commences the material thus injuted shall be 
immediately wasted. If in the opinion of the engineer the 
contractor fails to take due precaution against such injury he 
will charge to the contractor and deduct from the estimates 
the value of the cement in the wasted material. 

G. S- M. 


SPEOIFIOATIONS FOB STREET PAVEMENTS 
AND MATERIALS. 

133 . Specifications for Paving Brick Tests. The 

essential properties of a good paving brick are: (a) Strength to 
resist cross breaking; ( 6 ) strength to resist crushing; (e) tough¬ 
ness or strength to resist shocks and blows; (d) it must be 
comparatively non-absorbent. Any brick which possesses these 
qualities in a high degree will also resist abrasion or wear 
satififactorily. 

After some twenty year? experience in the testing and use 
of paving bricks, it has been decide*! by the American Brick 
Manufacturers’ Association, and by the committees of expert 
engineers which have considered these questions: 

If'irst, That the various kiiuis of strength enumerated 
above under (a), (!>), and (c) c.in all be satisfactorily shown 
by the rattler test, as described below. 

Sreond, That while the absorption test is useful for 
(letertnining the thoroughness of burning of a given clay, it 
cannot be used as a fixed criterion of rejection us between 
bricks burned from different clays without doing injustice to 
some of them, since a harmless percentage of absorption with 
one day would be a dangerous percentage with another. 

The following standard rattler test of paving brick has 
been adopted by the American Brick Manufacturers’ Associa¬ 
tion, in conjunction with an atlvisory hoard of engineers (of 
which the autlior was a member), an<l this specification is not 
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likely to be materially changed. It is the final result of an 
elaborate series of investigations, extending over several years, 
and with various types of apparatus. 

THE RATTLER TEST, 

Dimensions of the Machine. —The standard machine shall 
be 2S inches in diameter and 30 inches in length, measured 
inside the rattling chamber. 

Other machines may be used, varying in diameter between 
26 and 30 inches, and in length from 18 to 24 inches, but if 
this is done, a record of it must be attached to the official 
report Long rattlers must be cut up into sections of suitable 
length by the insertion of an iron diaphragm at the proper 

^^^^%onstruction of the Machine. —The barrel may be driven 
by trunnions at one or both ends, or by rollers underneath, but 
in no case shall a shaft pass through the rattler chamber. The 
cross-section of the barrel shall be a regular polygon, having 
fourteen sides. The heads shall be composed of gray cast 
iron, not chilled nor case-hardened. The staves shall prefer¬ 
ably be composed of steel plates, as cast iron peans and ulti¬ 
mately breaks under the wearing action on the inside. There 
shall be a space of one-fourth of an inch between the staves 
for the escape of the dust and small pieces of waste. 

Other machines may be used having from twelve to sixteen 
staves, with openings from one-eighth to three-eighths of an 
inch between staves, but if this is done a record of it must be 
attached to the official report of the test. 

Comfosition of the Charge. —All tests must be exe¬ 
cuted on charges containing but one make of paving material 
at a time. The charge shall be composed of the brick to be 
tested and iron abrasive material. The brick charge shall 
consist of that number of whole bricks or blocks whose com¬ 
bined volume most nearly amounts to i,ooo cubic inches, or 8 
per cent of the cubic contents of the rattling chamber. (Nine, 
ten or eleven are the number required for the ordinary sizes on 
the market.) The abrasive charge shall consist of 300 pounds 
of shot made of ordinary machinery cast iron. This shot shall 
be of two sizes, as described below, and the shot charge shall 
be composed of one-fourth (75 pounds) of the larger size and 
three-fourth (225 pounds) of the smaller size. 

Size of the Shot. —The larger size shall weigh about 
seven and one-half pounds and be about two and one-half 
inches square and four and one-half inches long, with slightly 
rounded edges. The smaller size shall be one and one-half inch 
cubes, weighing about seven-eighths of a pound each, with square 
corners and edges. The individual shot shall be replaced by 




176 


ENGINEEBINa SPE0IEI0ATI0K8* 


new ones when they have lost one-tenth of their original weight. 

Revolutions of the Charge, —The number of revolutions 
of the Standard test shall be i,8oo, and the speed of rotation 
shall not fall below 38 nor exceed 30 per minute. The belt 
power shall be sufficient to rotate the rattler at the same speed 
whether charged or empty. 

Condition o f the Charge, —The bricks composing a charge 
shall be thoroughly dried before making the test. 

The Calculation of the Results, —The loss shall be cal¬ 
culated in percentages of the weight of the dry brick compos¬ 
ing the charge, and no results shall be considered as official 
unless it is the average of two distinct and complete tests, 
made on separate charges of brick. 

^ 134. Speciflcatxons for Brick Paving. The specifi¬ 
cations in this and the following articles for various kinds of 
wearing surfaces of street pavements are taken from the stand¬ 
ard specifications used in the city of St. Louis. In these speci¬ 
fications all the general clauses and also all detailed description 
of the grading, curb, gutter, and foundation will be omitted, 
since it is the intention to inclu<ie in them only that portion of 
the specification describing the wearing surface. 

, In this specification for brick pavement, after describing 
the .curbing, preparation of the roa<!hed, which involves a 
thorough rolling with a steel roller, w^eighiug not less than ten 
tons, or three hundred pounds per lineal inch of roller; also 
the concrete foundation of six inches in depth, the following 
specification is given for 

WEAHING SUHFACE. 

Upon the foundation of concrete sliall be laid a bed of 
coarse, screened sand, about two inches in thickness when 
compacted, to serve as a !>ed for the l)nrks. Lpf>n this base 
of sand a pavement of the best quality of vitrified paving brick 
shall be laid. Great care must he taken to liave the surface of 
this sand layer exactly parallel to the desired street surface 
after completion. To accomplish this a wooden screed must 
be used whose lower side is cut out to the pr(q>er ctirve by 
computing a sufficient number of ordinates, dlie screed will 
rest on one end on top of the curb and will rviich to the center 
of the street or railroad track, where it will rest on a carefully 
adjusted piece of scantling or on the top af rail respectively. 
It shall then be properly weighted ami drawn along slowly: 
an almost perfect sand grade wdll thus be (detained. * Mo hand 
luting will be permitted except where the um of screed is 
impossible. The bricks shall not be less than eight inches nor 
more than nine inches long, not less than two and one-half 
inches nor more than three inches wide, not less than four inches 
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nor more than four and one-half inches deep, with rounded 
edges with a radius of three-eighths of an inch. Said brick 
shall be of the kind known as “repressed’' brick, and shall be 
repressed to produce a mass free from internal flaws, cracks or 
laminations. 

The bricks shall be free from lime or other impurities that 
will injuriously affect them when immersed in water, uniform 
in size and quality, and thoroughly burned and annealed. 

All bricks so distorted in burning, or with such prominent 
kiln marks as to produce an uneven pavement, shall be rejected. 

Each bidder shall submit one hundred bricks, which shall 
be subjected to such physical tests as may, in the opinion of 
the street commissioner, be necessary to determine their 
quality and suitability for the work. 

To secure uniformity in bricks of approved manufacture, 
delivered for use, the following tests shall be made: 

I. They shall show a modulus of rupture in cross¬ 
breaking of not less than two thousand pounds per square inch. 

3 . Specimen bricks shall be placed in the machine known 
as a “Rattler” twenty-eight inches in diameter, making thirty 
revolutions per minute. The number of revolutions for a 
standard test shall be eighteen hundred, and if the loss of 
weight by abrasion or impact during such test shall exceed 
twenty-five per cent of the original weight of the bricks, then 
the bricks shall be rejected. An official test to be the average 
of two of the above tests. 

3. They shall not absorb more than two per cent of their 
own weight of water after being immersed for forty-eight 
hours: this test to be made after bricks have been broken and 
passed through the rattler. 

No bid contemplating the use of rejected brick shall be 
entertained. 

Samples may be submitted by manufacturers, in which 
case the bidder proposing to use brick of such manufacture 
will not be required to submit samples. The quality of brick 
furnished must conform to the samples presented by the manu¬ 
facturers and kept in the office of the street commissioner. 
The street commissioner reserves the right to reject any and 
all bricks, which, in his opinion, do not conform to the above 
specifications. Any brick may have a proper shrinkage, but 
shall not differ materially in size from the accepted samples of 
the same make, nor shall they differ greatly in color from the 
natural color of the well-burned brick of its class and manu¬ 
facture. 

No bats or broken bricks shall be used, except at the curbs 
or gutter as the case maybe, where nothing less than a half 

brick shall be used to break joints. The bricks to be laid in 

12 
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Straight lines and all joints broken by a lap of at least two 
inches, to be set on edge on the sand as closely and compactly 
as possible and at right angles with the line of the curb or 
gutter, as the case may be, except at street intersections, where 
they are to be laid as the street commissioner may direct. 

The.pavement to be surfaced up by a thorough rolling 
with a steam roller weighing not less than three nor more than 
six tons, and when completed to conform to the true grade and 
cross-sections of the roadway. Wherever a roller can not be 
used, the pavement to be thoroughly rammed two or three 
times with a paver’s rammer weighing not less than seventy- 


An expansion joint one inch in width shall be placed on 
each side of the roadway against the curb or outer^ edge of 
gutter, as the case may be. This joint, about four inches m 
depth shall be filled with pitch, heated to a temperature of 
three hundred degrees, Farenheit, to within one-half inch of 
surface of pavement: the remaining one-half inch to receive a 
dressing of clean, coarse sand. , 

All joints in the pavement shall be completely filled with 

Portland cement grout. ^ 

The grout shall be mixed in portable boxes in the propor¬ 
tion of one part cement to one part sand. Not more than one 
ordinary water bucket full of cement with the same amount of 
fine sand shall be mixed at a time. The cement and sand to 
he thoroughly mixed dry until no streaks appear in the mixture, 
then sufficient water to he added to make the grout of proper 
fluidity, when properly stirred. The grout shall be trans¬ 
ferred to the pavement in scoop shovels and rapidly swept into 
the joints by steel brooms. During this pnKediire the grout 
remaining in the box must be constantly stirred in oidei to 
prevent a separation of the sand from the cement. After the 
grouting of the pavement has been completed the newly finished 
work must be kept from traffic by putting up substantial 
blockades and if deemed necessary by watchmen stationed to. 
protect the barricades. This blockade must be kept up foi at 
least seven days after the grout is applied. 

The surface ot the pavement, when completed, shall be 
covered with one-half inch of clean, coarse sand of approved 
quality, which, with all dirt, shall be removcil from the pave¬ 
ment and sewer inlets by or at the expense of the conti actor at 
such time before the final acceptance of the work as the street 
commissioner may direct. 


Following the above specification is a ‘‘maintenance 
clause,” similar to that given in the following article, provid- 
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ing for the maintenance of the pavement in good repair for a 
period of nine years.* The contract price provided also for an 
annual sum to be paid for maintenance, and the bond given by 
the contractor covered the maintenance, as well as the original 
construction. 

The tests to which the brick are submitted under this 
specification are the same as those given in Art. 133. 

135. Specification for Asphaltum Pave^ 

After describing the preparation of the roadbed 
concrete foundation, having a depth of five inches, 
following specifications of the asphaltum body and 
surface are employed. 


BINDER. 

The second or binder course will consist of a fine bitumin- 
ous concrd^te composed of clean broken stone, slag or gravel 
not eJcceeding one and one-half (1%) inches in their largest 
dimensions, thoroughly screened, and asphaltic cement made 
from lake^ asphalt, as below described. The stone, slag or 
gravel, will be heated by passing through revolving heaters 
and thoroughly mixed by machinery with the asphaltic cement 
m the proportion of not less than fifteen gallons of the asphaltic 
cement to one (i) cubic yard of stone, slag or gravel. The 
mixture will be so made that the resulting binder has life and 
gloss without an excess of cement. Should it appear dull from 
over heating or lack of cement it will be rejected. This binder 
will be hauled to the work and spread on the base with hot 
iron rakes, and immediately rammed and rolled with hand and 
steam rollers while in a hot and plastic condition, until it has a 
thickness of one and one-half inches. The upper 

surface will be made exactly parallel with surface of the pave¬ 
ment to be laid. ^ 


WEARING SURFACE. 

Upon this binder course thus prepared shall be laid a 
wearing surface or pavement proper, the basis of which shall 

♦This clause was declared illegal under the former charter, but is now (1902) enforced 
under a new charter amendment which provides for a “guarantee" and for keeping the 
pavement in repair for a term of years. s «« 
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be composed of lake asphalt unmixed with any of the prodr-ts 
of coal tar, of a nature and quality proved to be durable and 
proper by having been in successful use in roadway pavements 
in one or more cities of the United States for a period of at 
least two years and in an amount greater than five thousand 
square yards in each of said cities. 

The wearing surface shall be composed of— 

ist. Refined lake asphaltum. 

2d. Heavy petroleum oil. 

3d. Clean sharp sand. 

4th. Fine powder of carbonate of lime. 

Refined asphalt shall be smooth and free from lumps of 
nnmelted pitch or organic matter not bituminous. It shall not 
at any time reach a temperature over 375 degrees Fahrenheit. 
The asphaltic cement shall be prepared from such refined 
asphalt as may be approved by the street commissioner, and 
suitable heavy petroleum oil or other approved solvent. 

The heavy petroleum oil, which may be the residuum by 
distillation of the petroleum oils as found in the market, gen¬ 
erally contains water, light oils, coke, and a gummy substance 
soluble in water. This petroleum oil is freed from all im¬ 
purities and brought to a specific gravity of from i8 degrees to 
22 degrees Beaume, and a fire test of 250 degrees Fahrenheit. 

To the melted asphalt, at a temperature of not over 325 
degrees Fahrenheit, the oil, after having been heated to at 
least 150 degrees Fahrenheit, is to be added in suitable propor¬ 
tions to produce an asphalt cement. To accomplish this, from 
15 to 21 pounds of oil per 100 of refined asphalt will be 
required. As soon as the oil has begun tx> be added, suitable 
agitation, by means of an air blast or other acceptable appli^ 
ances, will commence and be continued till a homogeneous 
cement is produced. The appliances for agitation shall be 
such as to accomplish this in at least ten hours, during which 
the temperature shall be kept at from 290 degrees to 325 
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Fahrenheit, and no higher. If the cement then appears homo¬ 
geneous and free from lumps and from inequalities, as shown 
by samples from different parts of the still, it may be used. 
Should it not prove homogeneous, such deficiencies as may 
exist shall be corrected by the addition of hot oil or melted 
asphalt, in the necessary proportion. 

They shall he mixed in the following proportions by 
weight: ' ' 


Pure asphalt.. ......100 parts. 

Heavy petroleum oil.... 15 to 20 parts. 


The asphaltic cement being made in the manner above 
described, the pavement mixture shall be formed of the follow¬ 
ing materials, and in proportion stated s 


Asphaltic cement. 

Sand. 

Pulverized carbonate of lime 


Limestone dust shall be an impalpable powder of carbonate 
of lime, the whole of which will pass a 30-me8h screen, and at 
least 75 percent pass a loo-mesh screen. 

The sand and asphaltic cement are heated separately to 
about three hundred degrees Fahrenheit. The pulverissed 
carbonate of lime, while cold, is mixed with the hot sand in 
the required proportions, and is then mixed with the asphaltic 
cement at the required temperature, and in the proper propor¬ 
tion, is a suitable apparatus, which will effect a perfect mixture. 

The pavement mixture, prepared in the manner thus 
indicated, shall be laid on the foundation. It shall then be 
carefully spread, by means of hot iron rakes, in such manner 
as to give a uniform and regular grade, and to such depth that 
after having received its ultimate compression, it shall have a 
thickness of two inches. The surface shall then be compressed 
by rollers; after which a small amount of hydraulic cement 
shall be swept over it, and it shall then be thoroughly com- 


from 12 to 15 
from 88 to 70 
from 5 to 15 

100 100 
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pressed by a steam roller, weighing not less than ten (lo) tons, 
in order to get a thoroughly compressed wearing surface, the 
rolling being continued as long as it makes an impression on 
the surface. 

The powdered carbonate of lime shall be of such degree of 
fineness that 5 to 15 per centum by weight of the entire mix¬ 
ture for the pavement shall be an impalpable powder of lime¬ 
stone, and the whole of it shall pass a No. 26 screen. The 
sand shall be of such size that none of it shall pass a No. 80 
screen, and the whole of it pass a No. 10 screen. 

In order to make the gutters, which are consolidated but 
little by traffic, entirely impervious to water, a width of twelve 
inches next the curb shall be coated with hot pure asphalt and 
smoothed with hot smoothing irons, in order to saturate the 
pavement to a certain depth with an excess of asphalt. 

TOOLS AND SAMPLES OF MATERIALS. 

The contractor shall furnish and have on the line of work 
at all times, a complete and sufficient plant of tools, rollers, 
carts, etc., as may be determined by the street commissioner, 
to carry on the work in an expeditious and workmanliice 
manner, also furnish samples of the crude lake asphalt to be 
used in the work, properly labeled, also samples of the wearing 
surfaces as prepared for use, and the statement of the amount 
of each material used in making up the pavement mixtures, 
when called for by the street commissioner. 

In order that the asphalt may be fully tested, each bidder 
must deposit with the street* commissioner, at least three days 
before making his bid, samples of materials he intends to use, 
together with certificates and statements as follows: 

ist. A specimen of the crude asphaltum not less than 
^ve (5) pounds in weight with a certificate stating the place 
from whence the asphaltum was taken. 

2d. A specimen of the asphaltic cement not less than 
five (5) pounds in weight with a statement of its composition, 
and also a statement of the composition of the proposed wear¬ 
ing surface. 
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3d. A sample of the pavement surface showing the 
Asphalt after two years’ actual use in a street, said sample to be 
not less than one foot square and to be accompanied by a cer¬ 
tificate from the proper city official showing the time during 
which said pavement has been in use on the street on which it 
was laid, and the certificate shall further show that the pave¬ 
ment from which the sample is taken, or similar pavement, has 
been in successful use on one or more roadways in said city for 
a period longer than two years, and in an amount greater than 
five thousand (5000) square yards. 

’ 4th. A statement of the location and the capacity in 
square yards per day of the works or factory where the paving 
material is to be prepared. 

Specimens must be furnished to the street department as 
often as may be required during the progress of the work. 


MAINTENANCE, 

The said-, party of the first part, expressly guar¬ 

antees to maintain at grade and surface in good order the 
aforesaid work of reconstruction throughout and at the end of 
the full period of nine years, commencing one year after the 
said work of reconstruction is completed and accepted, and 
binds himself, his heirs and assigns to make all repairs which 
may from any imperfection in said work or materials or from 
any rotting, crumbling *or disintegration of the rnaterials, 
become necessary within that time; and the party of the first 
part shall, whenever notified by the street commissioner that 
repairs are required, at once make such repairs at his own 
expense, and if they are not made within the pr()per time, the 
street commissioner shall have power to cause such repairs to 
be made, and the cost thereof shall lie paid out of the fund 
provided for the payment of contracts for street maintenance, 
and the amount shall be deducted from any money then due 
under the contract, or which may thereafter become due. At 
the end of the nine-year period the street commissioner must 
determine whether or not the street is in good order at grade 
and surface, and the principal and his sureties under this con- 
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tract shall not be discharged from liability on their maintenance 
bond hereunder until the street commissioner shall so determine 
and certify thereto in writing to the principal under this con¬ 
tract. And it is further expressly agreed, that if at any time 
during the term for which the contract for the maintenance of 
the above street is in force, the pavement of said street, or any 
part thereof, has deteriorated to such an extent as to require, 
in the opinion of the board o£ public improvements, reconstruc¬ 
tion, the street commissioner shall, with the approval of the 
board of public improvements and of the mayor, notify the 
contractor that reconstruction is necessary, and the contractor 
shall, within three months after receiving such notice, recon¬ 
struct the whole or such part of the pavement with the same 
kind of material as heretofore applied, or with some other 
material approved by the board of public improvements. And 
if the contractor fails to reconstruct the street within three 
months after having been notified, the board of public 
improvements may, with the approval of the mayor, cancel the 
contract and relet the work of reconstructing the pavement, 
and that the cost of such reconstruction shall be paid by the 
city and the amount collected by suit from the contractor or his 
sureties, not to exceed fifteen dollars per square of pavement, 
included in the contract. 

And it is further agreed that whenever any repairs of the 
street are made necessary from the construction of sewers, the 
laying of pipes or telegraph wires, or from any other disturb¬ 
ance of the pavement by parties acting under permits issued by 
the city, the contractor shall, on notification from the street com¬ 
missioner, immediately make all necessary repairs in conformity 
with the specifications for this class of work. The cost of all 
such repairs, exclusive of trenching a^id back filling, which shall 
be done by the parties who hold the permits, and in the same 
manner as now required by existing ordinances, shall be paid 
for at the full contract price for a superficial square of new 
pavement out of the fund set apart for the payment of con¬ 
tracts for the maintenance of streets, and the amount shall be 
certified by the street commissioner to the auditor, who shall 
reimburse, by transfer, the aforesaid fund from the funds of the 
proper department, if the repairs were made necessary by the 
construction of any public improvement; and out of the funds 
to be deposited by persons obtaining permits for opening 
streets before such permits are granted, if the repairs are made 
necessary by work done under such permits. And it is agreed 
that the contractor shall have the right to make all repairs 
which become necessary by the construction of any public 
improvement or work done by private parties under permits 
given by the city. St. L. 
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136. Speciflcation for Asphalt Pavement. The 
following specification for asphalt pavement was prepared in 
1892 for the Department of Public Parks, of New York City, 
(and incorporated by Mr. A. P. Boiler) for such a pavement 
upon the new Harlem river bridge at 155th st., New York. 
It probably embodies the latest and most approved methods of 
making such a pavement, and so far as it is applicable to ordi¬ 
nary street pavements, it might be followed with advantage. 

The sub-surface must then be brought to a uniform grade 
and cross-section not to exceed a crown of three inches in width 
of roadway by filling all depressions with a fine bituminous 
concrete or binder, to be composed of clean, broken stone not 
exceeding one inch in their largest dimensions, thoroughly 
screened, and coal tar residuum, commonly known as No. 4 
paving composition. 

If required by the department of public parks, clean, sharp 
sand may replace a portion of the broken stone. 

The stone or stone and sand must be heated by passing 
through revolving heaters, and thoroughly mixed by machinery 
with the paving composition in the proportion of one (i) gal¬ 
lon of paving composition to one (i) cubic foot of stone. 

This binder must be hauled to the work and spread 
with hot iron rakes in all holes or inequalities and depressions 
below the true grade of the pavement, to such thickness that 
after being thoroughly compacted by tamping and hand rolling 
the surface shall have a uniform grade and cross-section, and 
the thickness of the binder at any point shall be not less than 
three quarters of an inch. 

The upper surface shall be exactly parallel with the surface 
of the pavement to be laid. 

Upon this foundation must be laid the wearing surface or 
paving proper, the basis of which or paving cement must be 
pure asphaltum, unmixed with any of the products of coal tar. 

The wearing surface must be composed of:— 

1. Refined asphaltum. 

2. Heavy petroleum oil. 

3. Fine sand, containing not more than one per centum 
of hydro-silicate of alumina. 

4. Fine powder of carbonate of lime. 

The asphaltum must be specially refined and brought to a 
uniform standard of purity and gravity of a quality to be 
approved by the engineer. 

The heavy petroleum oil must be freed from all impurities 
and brought to a specific gravity* of from eighteen to twenty 
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two degrees Beaume, and a fire test of two hundred and fifty 
degrees Fahrenheit. 

From these two hydro-carbons shall be naanufactured an 
asphaltic cement which shall have a fire test of two hundred 
and fifty degrees Fahrenheit, and at a temperature of sixty 
degrees Fahrenheit shall have a specific gravity of 1.19, said 
cement to be composed of one hundred parts of pure asphalt 
and from* fifteen to twenty parts of heavy petroleum oil. 

The asphaltic cement being made in the manner above 
described, the pavement mixture will be formed of the follow¬ 
ing materials, and in the proportions stated: 


Asphaltic cement . ... , ... ... .from 12 to 15 

Sand .. .... ... . ....from 83 to 70 

Pulverized carbonate of lime. .from 5 to 15 


The sand and asphaltic cement are to be heated separately 
to about three hundred degrees Fahrenheit. The pulverised 
carbonate of lime, while cold, shall be mixed with the hot sand 
in the required proportions, and then mixed with the asphaltic 
cement at the required temperature, and in the proper propor¬ 
tion, in a suitable apparatus, which will efiect a perfect mixture. 

The pavement mixture prepared in the manner thus indi¬ 
cated must be brought to the ground in carts at a temperature 
of about two hundred and fifty degrees Falirenheit, and if the 
temperature of the air is less than fifty degrees, iron carts, with 
heating apparatus, must be used in order to maintain tlie proper 
temperature of the mixture; it shall then be carefully spread 
by means of hot iron rakes, in such manner as to give a uni¬ 
form and regular grade, and to such depth that after having 
received its ultimate compression, it will have a thickness of 
two inches at crown of roadway, tapering off, if required, to 
about one inch at gutters. I'he surface shall then be com¬ 
pressed by hand rollers, after which a small amount of 
hydraulic cement shall be swept over it, and it shall then be 
thoroughly compressed by a steam roller wciglhng not less than 
two hundred and fifty pouruls to tiie inch run; tlie rolling to be 
continued for not less than five hours for every one thousand 
yards of surface. 

The powdered carI)onate of lime must I)e of .such degree of 
fineness that five to fifteen per centum by weight of the entire 
mixture for the pavement shall be of an impalpable powder of 
limestone, and tlie whole of it shall pa.ss a No. 26 screen. The 
sand must be of such size that none of it shall [mss a No. 80 
screen, and the whole of it must pass a No. 10 screen. 

In order to make the gutters, which are consolidated but 
little by traffic, entirely impervious to water, a width of twelve 
inches next the curb must be coated with hot, pure asphalt 
and smoothed with hot smoothing irons in order to saturate the 
pavement to a certain depth with an excess of asphalt. 
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If rock asphalt be used, it must be natural bituminous 
limestone rock: (i) from the Sicilian mines at Ragusa, equal 
in quality and composition to that mined by the United Lim- 
mer and Ver Wohle Rock Asphalte Company, Limited; (2) 
from the Swiss mines at Val de Travers, equal in quality and 
composition to that mined by the Neuchatel Rock and Asphalte 
Company, Limited, or (3) from^the French mines at Seyssel, 
equal in quality and composition to that mined by the Com- 
pagnie Generate des Asphaltes de France, and it shall be pre¬ 
pared and laid as follows: 

(i) The lumps of rock shall be finely crushed and pul¬ 
verized, the powder shall then be passed through a fine sieve. 
Nothing whatever shall be added to or taken from the powder 
obtained by grinding the bituminous rock. The povvder shall 
contain from nine to twelve per cent, natural Kitumen, eighty 
eight to ninety one per cent, pure carbonate of lime, and must 
be free from quartz, sulphates, iron pyrites, or aluminum. (2) 
This powder shall be heated in a suitable apparatus to two 
hundred or two hundred and fifty degrees Fahrenheit, and 
must be brought to the ground at such temperature in carts 
made for the purpose, and then carefully spread on the foun¬ 
dation previously prepared, to such depth that, after having 
received its ultimate compression, it will have a thickness of 
two inches. (3) it shall be skillfully compressed by heated 
rammers and rolled until it shall have the required thickness 
of two inches. (4) The surface to be rendered perfectly even 
by heated smoothers, and to be rolled with a steam roller 
weighing not less than two hundred and fifty pounds to the 
inch run, the rolling to continue for not less than five hours for 
each one thousand yards of surface. A. P. B. 

137. Specification for Granite Pavement. The fol¬ 
lowing specification for granite pavement is that used in the city 
of Milwaukee so far as the granite paving is concerned. These 
granite blocks are laid upon a concrete foundation six inches 
thick, and this latter upon a carefully prepared surface which 
has been thoroughly rolled with a heavy roller. The concrete 
is made of natural cement one part,- sand two parts, and broken 
stone five parts. On this is spread a sand cushion two inches 
thick when compacted, on which the granite blocks are laid. 

Granite Block Paving, The blocks must consist of a hard 
granite uniform in grain and texture, without lamination or 
stratification and free from excess of mica or feldspar. Neither 
hard basaltic stone that will take a smooth polish under traffic, 
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nor soft or weather worn stones nor syenite will be accepted. 
The blocks must by rectangular in form, of not less than three 
(3) nor more than four and one half (4 inches in thick¬ 
ness, nor less than six (6) or more than seven (7) inches in 
depth, nor less than eight (8) or more than twelve (12) inches in 
length, and so split and dressed with fair and true surfaces on top, 
bottom and ends so that when laid close together the end joints 
will fit close together, and the side joints will not exceed three 
fourths (^) inch in width. The blocks will be imbedded in 
the sand bed and laid at right angles to the line of the street, 
except at street and alley intersections, where the same will be 
laid at an angle of about 45 degrees with the line of the street. 
The stone will be laid close together with the top surface 
smoothly conforming to the crown of the street. Each course 
is to be of uniform width, with each longitudinal joint broken 
by a lap of not less than two inches. The blocks are to be 
immediately covered with sufficient, clean, fine, hot, screened* 
gravel to fill the joints, to not more than 3 yi inches from the 
top after which the blocks will be tamped with a heavy paver’s 
ram to a firm, unyielding and uniform smooth surface. The 
joints will then be filled flush with top of pavement with a hot 
paving cement obtained by direct distillation of coal tar, imme¬ 
diately after which fine, dry, hot gravel will be run into the 
joints. Not less than three (3) gallons of paving cement shall 
be used to each square pard of pavement.* M. 

138. Specification for Granitoid Sidewalks. Side¬ 
walks made after the following specifications are now exclusively 
used in St. Louis, and have been in use in that city for many 
years. Where granite can be obtained at a reasonable price, it 
is thought this composition is more durable and satisfactory for 
sidewalks than any other material or mixture which has ever 
been used. The making of these sidewalks has grown to be a 
very large industry in St. Louis and the price has 'been gradu¬ 
ally reduced because of the great amount of this kind of work 
done,, until in 1895, the total cost of removing old pavement, 
regrading, laying the foundation and pavement as here described 
in the most approved manner, and strictly in accordance with 
this specification is from eighteen to twenty cents per square 
foot for the “ordinary single flagging.” 

'•'This treatment of the joints is especially satisfactory.—.AUTHoa;. 
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The sidewalks shall be of three separate and distinct thick¬ 
ness and kinds, and shall be classified as follows: “Ordinary 
Single Flagging,” “Extra Double Thick Flagging,” and 
“Driveway or Entrance Flagging,” and shall be laid in 
the differeitt localities within the above described limits at the 
discretion of the street commissioner, who shall determine which 
of the above named kinds shall be laid. 

Preparation of Bed. The sidewalks shall be excavated 
and shaped to the proper depth and grade as directed by the 
street commissioner, and all the refuse material therefrom shall 
belong to the contractor and shall be promptly removed from 
the line of work. 

Ordinary Single Flagging. After the shaping is done a 
foundation of cinders not less than eight (8) inches thick shall 
be placed upon the subgrade, which shall be well consolidated 
by ramming to an even surface, and which shall be moistened 
just before the concrete is placed thereon. 

After the sub-foundation has been finished the artificial 
stone flagging shall be laid in a good workmanlike manner. 

The same to consist of two parts: ist. A bottom course 
to be three and one half (3>^ ) inches in depth. 2d. A finish¬ 
ing or wearing course, to be one half (J4) inch in depth. 

The bottom course shall be composed of crushed granite 
and the best Portland cement, equal to the Dyckerhoff brand, 
and capable of withstanding a tensile strain of 400 pounds to 
the square inch after having been three hours in air and seven 
days in water, and shall be mixed in the proportion of one part 
cement to three parts of crushed granite. 

The crushed granite shall consist of irregular, sharp-edged 
pieces, so broken that each piece will pass through a three 
fourths (^) of an inch ring in all its diameters, and which 
shall be entirely free from dust or dirt. 

The crushed granite and the cement in the above mentioned 
proportions shall first be mixed dry, then sufficient clean water 
shall be slowly added by sprinkling, while the material is con¬ 
stantly and carefully stirred and worked up, and said stirring 
and mixing shall be continued until the whole is thoroughly 
mixed. 

This mass shall be spread upon the sub-foundation and 
shall be rammed until all the interstices are thoroughly filled 
with cement. 

Particular care must be taken that the bottom course is well 
rammed and consolidated ^long the outer edges. 

After the bottom course is completed, the finishing or 
wearing course shall be added. This course to consist of a 
stiff mortar composed of equal parts of Portland cement and 
the sharp screenings of the crushed grahite, free from loamy or 
earthy substances, and to be laid to a depth of one half C/ 4 ) 
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of an inch and to be carefully smoothed to an even surface 
which, after the first setting takes place, must not be disturbed 
by additional rubbing. 

When the pavement is completed it must be covered for 
three days and be kept moist by sprinkling. 

Extra Double lliick Flagging. After the grading and 
shaping is done, a foundation of cinders not less than six (6) 
inches thick shall be placed upon the subgrade, which shall he 
well consolidated by ramming to an even surface and which 
shall be moistened just before the concrete is placed thereon. 
After the sub-foundation has been finished the artificial stone 
flagging shall be laid in a good, workmanlike manner. 

The same to consist of two parts: ist. A bottom course 
to be five (5) inches in depth. 2d. A finishing or wearing course 
to be one (i) inch in depth. 

The bottom course shall be composed of crushed granite 
and the best Portland cement equal to the Dyckerhoff brand, and 
capable of withstanding a tensile strain of 400 pounds to the 
square inch after having been three hours in air arjd seven days 
m water, and shall be mixed in the proportion of one part of 
cement to three parts of crushed granite. 

The crushed granite shall consist of irregular, sharp«edged 
pieces, so broken that each piece will pass through a three 
fourths (J^) of an inch ring in all its diameters, and which 
shall be entirely free from dust or dirt 

The crushed granite and the cement in the above mentioned 
proportions sliall first be mixed dry, then sufficient clean water 
shall be slowly added by sprinkling, while the material is con¬ 
stantly and carefully stirred and worked up, and said stirring 
and mixing shall be continued until the whole is thoroughly 
mixed. 

This mass shall ht spread upon the Bub-foundation and shall 
be rammed until all the interstices are thoroughly filled with 
cement. 

Particular care must be taken that the bottom course is well 
rammed and consolidated along the outer edges. 

After the bottom course is completed the finishing or wear¬ 
ing course shall he added. This course to consist of a stiiEf 
mortar composed of eqtial parts of Portland cement and the 
sharp screenings of tlie crushtnl granite, free from loamy or 
earthy substances, and to be laid to a depth of one (i) inch and 
to he carefully smoothed to an even surface, which, after the 
first setting takes place, must not be disturbed by additional 
rubbing. 

When the pavement is completed it must be covered for 
three days and be kept moist by sprinkling. 

Driveway or Entrance flagging.—AiXtr the grading and 
shaping is done, a foundation of crushed limestone and hydraulic 
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cement mortar shall be laid to a depth of six (6) inches on 
subgrade The stone used in this concrete shall be broken ov/ 
as tl pas^ through a two (2) inch ring in its largest dimensions. 
The stone shall be cleaned from all dust and dirt and thoroughly 
wetted and then mixed with mortar, the general proportion 
being- One part of cement, two parts of sand, and five parts 
of stone It shall be laid quickly and then rammed until the 
mortar flushes to the surface. No walking or driving over it 
shall be permitted when it is setting, and it shall be allowed to 
set for at least twelve hours, and such additional length of time 
as may be directed by the street commissioner or by his duly 
authorized agents, before the pavement is put down. 

_^fmr the subfoundation has been finished, the artificial 
stone flagging shall be laid in a good, workmanlike manner. 
The same to consist of two parts: ist. A bottom course to 
be five (5) inches in depth. 2d. A finishing or wearing course 

to be one (i) inch in depth. . , , 

The bottom course shall be composed of crushed g^ranite 
and the best Portland cement, equal to the Dyckerhoff brand, 
and capable of withstanding a tensile strain of 400 pounds to 
■the square inch after having been three hours in air and seven 
days in water, and shall be mixed in the proportion of one part 
cement and three parts of crushed granite. 

The crushed granite shall consist of irregular, sharp-edged 
pieces, so broken that each piece will pass through a three 
fourths (^) of an inch ring in all its diameters, and which shall 
be entirely free from dust or dirt. 

The crushed granite and the cement in the above men¬ 
tioned proportions shall first be mixed dry, then sufbeient clean 
water shall be slowly added by sprinkling, while the material 
is constantly are carefully stirred and worked up, and said stir¬ 
ring and mixing shall be continued until the whole is thorough¬ 
ly mixed. 

This mass shall be spread upon the sub found at ion and 
shall be rammed until all the interstices are thoroughly filled 


with cement. 

Particular care must be taken that the bottom course is 
•well rammed and consolidated along the outer edges. 

After the bottom course is completed, tlie finisliing or 
wearing course shall be added. This course to consist of a 
stiff mortar composed of equal parts of Portland cement and 
‘the sharp screenings of the crushed granite, free from loamy or 
earthy substances, and to be laid to a depth of one (t) inch 
and to be carefully smoothed to an even surface, which, after 
the first setting takes place, must not be disturbed by additional 
rubbing. 

When the pavement is completed, it must be covered for 
’three days and be kept moist by sprinkling. Sx. L. 
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SPEOIPIOATIONS FOR SEWERS. 

139. Specifications for Brick and Tile Sewers. 
The following specifications for brick and tile sewers are those 
used in the city of St. Louis, so far as they relate to the con¬ 
struction proper, except that part relating to the use of cement, 
concrete, and rubble masonry. As specifications on these sub¬ 
jects are given elsewhere, they are not included here: 

Excavation .—All excavation shall be done by open cut 
from the surface, except where tunneling is shown on the plans 
or is expressly permitted or directed by the sewer commissioner 

Wherever the material is of such a nature as to allow it 
the bottom of the excavation up to the greatest horizontal 
diameter of the sewer shall be made with a template so as to 
conform to the exact shape of the brickwork. Above this line 
the cut may, in all ordinary cases, be carried to the surface at 
such a slope as the contractor may desire, but it will be calcu¬ 
lated with a slope of one horizontal to____ 

vertical, whatever may be the actual slope. Should the con¬ 
tractor think it best to keep the sides of the excavation vertical 
by bracing or otherwise, it is expressly understood that it shall 
be done at his own cost and risk. 

Rock shall be excavated so as to conform as nearly as possi¬ 
ble to the lower half of the sewer, and all irregularities shall be 
filled with masonry or concrete so a.s to make a smooth bed for 
the brick work. The amount of the excavation in rock cuts 
will be calculated with a base at the bottom of the brickwork 
etjual to the greatest horizontal diameter of the .sewer and 
with side slopes of the same inclinations as in other excavations. 
All the rock taken from the excavations shall belong to the 
contractor for his own use. 

Wherever the excavation can not be adapted to the shape 
of the brickvyork,_ it shall be done according to such directions 
as may be given in each case. 

The sides of the excavation shall, whenever it may be 
necessary, be supported with suitable plank and shoring, but no 
allowance will be made therefor unless the same is left in by 
express orders of the sewer commissioner, when it will be 

paid for at —-tiollars per thousand feet, board 

measure. In all other cases it will be drawn as the work 
progresses and not paid for by the city. 

The contractor shall, at his own cost, keep the trenche.s 
free from water during the progress of the work. Excavated 
material must be so placed as not to interfere with travel on 
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the street or to incommode occupants of adjoining property. 
Trenches shall not be opened more than 200 feet in advance of 
the laying of the sewer. 

Back Filling .—Back filling shall follow close after the 
construction of the sewer, and in no case be more than 100 feet 
in the rear. 

The filling of the earth around and on top of the sewers 
shall be done with the utmost care, and in a manner to obtain 
the greatest compactness and solidity possible. For that pur¬ 
pose the earth shall be laid and rammed in regular layers not 
more than nine inches thick up to the surface of the street^ or 
thoroughly soaked with water, as may be directed by the sewer 
commissioner.* The macadamizing, if any has been removed, 
shall be carefully replaced on the top of the said filling; and 
when paving has been removed it shall be replaced in the same 
manner as when originally constructed, and the street or alley 
left in as good condition as it was before. If any new mater- 
rials are needed for such repairing, they shall be of the best 
quality, and shall be furnished and put down by the contractor 
at his own cost. 

The gutter paving in front of and adjoining sewer inlets 
shall be taken up and replaced in proper shape, so as to con¬ 
duct the storm water into the sewer inlets. 

All work of restoring the surface of the streets and alleys 
shall be done to the satisfaction of the street commissioner, or 
his duly authorized agents, immediately after the sewer is laid. 
If not so done within five days after notice, the work may be 
done by the street commissioner, and the cost thereof’shall be 
paid by the contractor; and in default of payment, the cost 
may be retained by the city of St. Louis, out *of any money that 
may be due or become due to the contractor under this contract, 

SurJ>l2£s Earth ,—All surplus earth shall be hauled away 
promptly to such places, within a distance of 3,000 feet, as the 
sewer commissioner shall designate, and be spread according 
to his directions; but if no such place is designated, the con¬ 
tractor shall dispose of such surplus at his own risk and expense. 
No surplus earth shall be deposited on private property, if 
within the limit just named, it can be used on the streets or 
alleys or other public places. But if no such use can be found 
for it, it may, with the consent of the sewer commissioner, be 
deposited on private property; but all earth so deposited with¬ 
out the consent of said commissioner, shall be measured, and 
the amount thereof deducted from the measurement of the 
excavation. 

The price paid for earth and rock excavation shall cover 

the whole cost of excavating the trenches and refilling the same 

• A better plan is to thoroughly ram the layers In nine-inch courses and then to 
als0 thoroughly soak with water every four or five feet, whenever water is available. 
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with earth, restoring the street and hauling away the surplus 
materials, as well as the whole cost of pumping, bailing, plank¬ 
ing, and shoring, excepting such planking as may be left in by 
express orders as hereinbefore specified. 

Bricks.—AXS. the bricks used shall be of uniform texture, 
hard-burned entirely through, free from lime or other impuri¬ 
ties, that will affect them in water, and shall have straight edges 
and square angles. Broken bricks must not be brought on the 
ground, and such as are broken afterwards in handling shall be 
used only in making closures, or as shall be otherwise specially 
directed. 

The bricks are to be culled as they are brought on the 
ground, and all bricks of improper quality thrown out and 
removed from the ground. The culling to be done at the 
expense of the contractor, who shall furnish the inspector with 
men for this and similar purposes, when required. 

Brick Masonry ,—In building brick masonry, none but 
careful and skillful bricklayers shall be employed. 

The bricks shall be clean and thoroughly wet just before 
being laid, unless otherwise specially directed. Every brick 
shall he laid with a y>us/t joiui; that is, by placing sufficient 
mortar on the bed and forcing the brick into it in such a manner 
as to thoroughly fill every joint, whether on the bottom, side or 
end of the brick with mortar. The joints shall be made as 
nearly as possible of uniform thickness, not exceeding three 
eighths of an inch, and in the inside of the invert or lower arch, 
they shall not exceed one eighth of an inch. 

The bricks in each course shall be all stretchers, and to 
break joints with those in the adjoining courses. The bricks of 
the inside course shall be laid to a line and to the true cylin¬ 
drical or other form given for each case. The inside course 
shall also be made of the smoothest and hardest bricks, care¬ 
fully selected for this purpose. 

The upper arch shall be built on strongly made centers 
which shall be drawn with great care, so as not to disturb the 
brickwork. The crown of the arch shall be properly keyed 
with stretchers, and all the joints be well filled with the mortar. 
The exterior surface of the upper arch shall be covered with a 
coating of mortar, not less than three eighths CH) of an inch 
thick. 

The mortar joints on the inside of the sewer below the 
center line shall be carefully struck when laid, and those above 
be scraped smooth with the brickwork immediately after the 
centers are drawn, and the mortar scraped off and entirely 
removed from the sewer, which is to be left perfectly clean 
throughout. 

All unfinished brickwork must be racked back in courses 
except when otherwise specially directed or permitted, and 
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when new work is to be joined to it, the surface of the bricks 
must be cleaned and moistened. 

Openings for branch sewers shall be made and junction 
pieces inserted in the main sewers in such manner and at such 
places as may be directed. Every junction piece shall be 
closed with a cover of earthenware, or with bricks and cement. 

All brickwork will be measured and paid for by the cubic 
yard of solid wall. 

TUNNELING- 

In tunneling, . the excavation shall be made so as to con¬ 
form neatly to the regular section of the sewer, and nothing 
will be allowed for any excavation beyond this. All holes or 
irregularities outside of the regular section must be filled up 
solid with bricks and mortar, but no extra allowance will be 
made therefor. 

All timbers used in sustaining the excavation must be 
removed as the brickwork progresses. 

Points, by which to get the proper line of the sewer, will 
be given from time to time as may be needed, and from these 
the contractor will be required to continue the line of the exca¬ 
vation at his own risk of its accuracy, and to correct at once 
any errors of alignment that may be discovered before the 
brickwork is finished. 

In tunnels, the quantities paid for will be the earth or rock 
excavated in the regular section of the sewer, and the brick or 
stone masonry required for this section, together with any foun¬ 
dation work that may have been expressly ordered, and the 
amount paid for these items shall be in full for furnishing all 
materials, and finishing the sewer; the cost of sinking shafts, 
pumping water, shoring, restoring falls and all accessory works 
of every kind being borne wholly by the contractor. Those 
parts only of the sewer will be paid for as tunnels, which are 
so marked on the plans exhibited at the time of the letting; all 
the rest will be paid for as open cut, regardless of the manner 
in which the work is actually done. 

PIPE SEWERS. 

All pipe sewers shall be made of the best quality of vitri¬ 
fied clay pipe with smooth interior surface. Each piece shall 
be straight or evenly curved, as may be required, and in section 
shall not vary more than half an inch from a true circle. The 
thickness of six-inch pipes shall not be less than three quarters 
of an inch; of twelve-inch pipes, not less than one and one 
eighth inches; of fifteen-inch pipes, not less than one and one 
quarter inches; and of eighteen-inch pipes, not less than 
one and one half inches. Junction pieces, for use in brick 
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sewers, shall be smoothly beveled off to an angle of forty-five 
degrees, and be not less than two feet long, exclusive of the 
socket. For pipe sewers the junction piece shall be a part 
of the main pipe, and no right angle junction shall ever be 
used. 

So far as the specifications for the' excavation of trenches, 
shoring and pumping, preparation of foundations, backfilling 
and restoring the street surface, already given for brick sewers, 
can be made to apply to the construction of pipe sewers, they 
shall be followed. 

Each pipe is to be laid on a firm bed and in perfect con¬ 
formity with the lines and levels given. The bottom of the 
trench must be shaped so as to fit the lower half of the pipe as 
nearly as possible, with places cut at the joints for the sockets 
to rest in, so that the pipe shall have a uniform bearing on the 
ground from end to end. 

The pipes shall be Joined by filling the socket with a mortar 
of pure cement without sand, with only water enough to give it 
a proper consistency. ' Great care must be taken to make the 
joint throughout the lower three fourths of the pipe perfectly 
water tight. The upper one fourth of joint, when so directed, 
shall be left open. 

The interior of the-pipes shall be carefully cleaned from 
all dirt, cement and superfluous material of every description, 
and a wad made of a sack filled with hay, large enough to fill 
the pipe and attached to a rod or cord, shall, at all times be 
kept in the pipe and drawn forward as the swork proceed, care 
being taken not to loosen the joints. 

After the pipes are properly laid and joined, any space 
between them and the sides of the excavation must be filled with 
sand, either washed in or well rammed, up to the middle of the 
pipe. From this point for at least twelve inches above the top 
of the pipe, the earth shall be filled in so as not to disturb the 
pipes, and thoroughly rammed; after which, up to the surface, 
it may be either rammed in layers or thoroughly soaked with 
water, as may be directed by the sewer commissioner, so that 
the least possible settling will take place after the work is com¬ 
pleted. 

Pipe sewers will be paid for by the linear foot of finished 
work, the price so paid to be in full payment for furnishing and 
laying the pipe, including the earth excavation, shoring and 
pumping, backfilling, restoring the street surface, hauling away 
surplus material, and all other work and material required by 
the specifications or necessary to give a finished result- 

Where rock is encountered in pipe sewers, such rock 
excavation shall be paid for at the price named herein 
-:-—--the amount to be estimated with 
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a base of six inches more than the inside diameter of the pipe 
and the side slope of one horizontal to eight vertical. 

140. Specification for Sewer Pipe. The follow- 
ing specification for sewer pipe and specials is probably the 
most carefully worked out of any found in current American 
practice. While these specifications are very full and complete 
in many details which are usually overlooked, they are not 
unreasonably severe. They simply describe clearly what kinds 
of faults will serve as cause for rejection, and are as valuable 
to the manufacturer of the pipe in enabling him to select those 
specimens which he feels will be accepted, as to the inspector 
himself, who is called upon to accept or reject the material 
when supplied upon the ground. This specification, therefore, 
has the gre^at merit of extreme definiteness of meaning, which 
is the most vital and necessary quality of all specifications. 
They were prepared by an engineer who knew from experience 
exactly what could be furnished by the best sewer pipe manu¬ 
facturers without greatly increasing the cost. 

Sewer Pipe and Pipe sewers are composed of 

straight sections which are herein termed and of 

branches, bends, reducers, etc., which will here be called 
specials^^ or ''^special pieces 

The main sewer, as well as all surface and lot lateral 
sewers, shall be constructed of the best quality of salt-glazed, 
vitrified stoneware sewer pipe, and all special pieces that may 
be required in the work shall be of the same description and 
quality. 

The pipes and specials must be carefully selected and 
examined by the contractor before or while being delivered 
upon the street, and all such material which may be used in 
the work must conform to the following requirements and con¬ 
ditions : 

All hubs or sockets must be of sufficient diameter to receive 
their full depth the spigot end of the next following pipe or 
special without chipping whatever of either, and also to leave a 
space of not less than i-8 inch in width all around for the 
cement mortar joint. Pit>es and specials which can not be thus 
freely fitted into each other shall be rejected. 

In the case of pipes and specials of 12 inches and upward 
in diameter, at least 40 per cent, of all such that will be used 
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in the work must be truly circular or substantially circular in 
TOSs-section^ and in the case of pipes and specials less than 12 
nches in diameter, at least 60 per cent, of the whole number 
■equired must be truly circular or substantially circular in cross- 
section. Of the remainder, in each case, the allowable diver¬ 
gence from a truly circular cross-section shall never exceed the 
following limits: a. For an ellipical crojss-section, the great¬ 
est internal diameter must not be more than from 6 to 7 per 
cent, longer than the least internal diameter in the same cross- 
section. b. For an oval or egg-shafed cross-section, the same 
rule as for eliptical cross-sections shall apply, c. Pipes and 
specials having cross-sections which exhibit angles^ sharf 
curves or flat f laces of appreciable magnitude in the circumfer¬ 
ence, will be rejected. 

A single fire-crack, which extends through the entire 
thickness of a pipe or special, must not be over two inches 
long at the spigot end, nor more than one inch long at the hub 
or socket end, measured in the latter case from the bottom, or 
shoulder, of said hub or socket. Two or more such fire-cracks, 
however, at either end of said pipe or special will cause the 
same to be rejected. 

A single fire-crack, which extends through only two thirds 
of the thickness of a pipe or special, must not be over four 
inches long at either end thereof, measured in the direction of 
its length. Two or more such fire-cracks, however, at either 
end of said pipe or special will cause the same to be rejected. 

A single fire-crack, which extends through only one half 
f this thickness of a pipe or special, must not be over six 
inches long at either end thereof, measured in the direction of 
its length. Two or more such fire-cracks, however, at either 
end of said pipes or special will cause the same to be rejected. 

A single fire-crack, which extends through less than one 
half of the thickness of a pipe or special, must not be over 
weight inches long, measured in the direction of the length of 
such pipe. Two or more such fire-cracks, however, anywhere 
in the pipe will cause the same to be rejected. ' 

A transverse fire-crack in a pipe or special must not be 
longer than one sixth of the circumference of such pipe, nor 
shall its depth be greater than one third of the thickness 
thereof. Two or more such fire-cracks will be cause for 
rejection. 

No fire-cracks of any description shall, however, be more 
than one eighth inch wide at its widest point. 

No combination of the foregoing six limitations will be 
allowed, except with the express consent of the executive board 
and the city surveyor, as the intent and meaning of these 
restrictions or limitations is to insure the furnishing of the best 
marketable quality of pipe and specials by the contractor. In 
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general, any pipe or special which exhibits more than one fire- 
crack of the magnitudes above mentioned should be rejected at 
once by the inspector in charge of the work of laying the pipes, 
unless there be time to make a thorough aud minute examina¬ 
tion of the other fire-cracks which it may display, and to 
become thereby convinced that they are of trifling significance. 

Any pipe or special which is found to be cracked through 
its whole thickness from any other cause except the process of 
burning in the kiln, shall be rejected at once, regardless of the 
extent of such crack. This refers particularly to damage done 
by transportation, by cooling or by frost. 

Irregular lumps or unbroken blisters on the interior surface 
of a pipe or special of sufficient size and number to form an 
appreciable obstruction to the free flow of the sewage, will be 
cause for rejection. A few small, unbroken blisters, not 
exceeding one fourth of an inch in height and one or two inches 
in diameter, upon the inner surface, need not reject a pipe or 
special. If there is a broken blister or a flake on the interior 
of a pipe or special which is thicker than one sixth of- the nor¬ 
mal thickness of said pipe or special, and whose largest diame¬ 
ter is greater than one twelfth of the inner circumferenc of said 
pipe or special, the latter shall be rejected. Furthermore, if 
such broken blister or flake is as large or smaller than just 
defined, then, unless said pipe or special can be properly fitted 
and laid so as to bring such broken blister or flake on the top 
or upper side of the sewer, the said pipe or special shall also 
be rejected. 

Irregular lumps and small, unbroken blisters on the out¬ 
side of a pipe or special need not reject it. A large and 
broken blister or a flake on the outside of a pipe or special, 
which is thicker than one sixth of the normal thickness of said 
pipe, and whose largest diameter is greater than from one ninth 
to one twelfth of the outer circumference of said pipe, will 
cause the same to be rejected. Should, however, the broken 
blister or flake be within the limits of size just defined, and 
should the pipe or special admit of being properly laid so as to 
bring said blister or flake on the upper part of the sewer, then 
said pipe or special may be accepted, if otherwise sound in all 

respects. ' 

Any pipe or special which betrays in any manner a want 
of thorough vitrification or fusion, or the use of improper 
materials and methods in its manufacture, shall be rejected. 
Attention of inspectors is particularly called to the character of 
the material composing the interior of a pipe or special where 
the same is exposed by the breaking of a blister, the removal 
of a flake, or the face of the spigot end. of such pipe. 

All pipe and specials which are designed to be straight 
shall not exhibit any material deviation from a straight line 
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Special curves or bends shall substantially conform to the 
degree of curvature and general dimensions that may be 
required. 

If a piece be broken out of the rim forming the hub or 
socket of a pipe or special without injuring the body of such 
pipe, the latter shall be rejected if the length of said broken 
piece, or the gap left thereby, is greater than one tenth of the 
circuniference of said hub. In case that a defect of this nature, 
and within the limits just defined, occurs in a pipe or special^ 
the latter shall also be rejected unless it can be so fitted in the 
sewer as to bring said defect on the upper part thereof. 

The attention of the inspector in charge of the work of 
laying the sewer pipe is herewith particularly directed to the 
foregoing requirements as to the quality of the pipe and specials 
that will be allowed in the sewer, and in all cases of doubtful 
interpretation of said requirements, the necessary definitions 
will be given by the city surveyor and the executive board. 
Said board also reserves the right to add to the foregoing 
requirements, at any time during the progress of the work, 
such further restrictions and conditions respecting the quality 
of the said pipe and specials as it may deem for the best 
interests of the tax-payers, in order to secure the best materials 
practically be obtained. All such explanations or 
definitions of said requirements, in cases of doubtful interpre¬ 
tation, together with all said further restrictions and conditions 
relating to the quality of said pipe and specials, shall have the 
same force as though a part of this specification, and the con¬ 
tractor shall be required to comply therewith without extra 
compensation beyond the prices bid by him for performing the 
work. E. E: 

141. Specification for Laying Sewer Pipe. The 
following specification for the laying of sewer pipe and 
specials has all the merits ascribed to the specification for 
sewer pipe as given in the previous article, and has been pre¬ 
pared by the same engineer. For the purpose of removing 
any cement mortar which may have been- forced through the 
joints, and whiph may, when hardened, form serious obstruc¬ 
tions in the sewer, probably no specification will insure such 
excellent results as that given in the St. Louis specifications 
for pipe sewers in Art. 139, where the contractor is required 
to provide “A wad made of a sack filled with hay, large 
enough to fill the pipe and attached to a rod or cord, which 
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shall at all times be kept in the pipe, and which shall be drawn 
forward as the work proceeds, care being taken not to loosen 
the joints.’" It is an easy matter for the inspector to examine at 
any time to see whether or not this wad is being drawn 
forward, and when drawn forward it must of necessity remove 
any protruding fins of mortar, and leave the interior smooth 
and entirely free from such obstructions. 

Laying the Sewer Pipe and Speciax.s. —Previous 
to laying the pipe and specials which have been delivered 
upon the street, into the trench, they shall all be subjected to a 
rigid inspection by both contractor and inspector, and those 
which do not come up to the foregoing requirements shall be 
rejected. 

Additional tests by sounding said pipe for cracks, and 
examining closely all blisters and flakes, shall also be applied. 
Before lowering the pipes and specials which have passed the 
inspections into the trench, they shall first be properly fitted 
together upon the surface of the street in the order in which they 
are to be used; and to facilitate the process of laying, the top 
of each pipe or special, after said fitting, shall be plainly 
marked with chalk or paint, so that the pipe previously laid in 
the bottom of the trench shall be disturbed as little as possible. 

All pipes and specials in which the spigots and sockets 
can not be made to fit together, while on the surface, must be 
rejected, as no chipping of either socket, hub or spigot will be 
allowed. 

The faces of all spigot ends and of all shoulders in the 
hubs or sockets must be true, and be brought into fair contact, 
and all lumps or excrescences on said faces shall be carefully 
cut away before the pipes ai-e lowered into the-trench. 

In all cases where the rim of any hub or socket has been 
broken, as aforesaid, the pipe or special shall be rejected 
unless it can be so fitted as to bring the bi“oken portion on the 
top, or upper portion of the sewer. The same condition shall 
also be applied to the case of broken blisters and flakes, as 
above mentioned, on either inside or outside of the pipes and 
specials. All special pieces required in the work, such as 
branches, bends, curves, reducers, etc., shall likewise be 
subject to the same conditions as the straight pipe. 

The pipes and specials shall be so laid in the trench that 
after the sewer is completed the interior surface thereof shall 
conform on the bottom accurately to the grades and alignment 
fixed and given by the city surveyor. The main sewer will be 
divided by man-holes and lamp or hand-holes into a number of 
distinct divisions or working sections, in- each of which the 
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grade and alignment shall, under ordinary circumstances, be 
truly straight.^ Changes of grade or direction, or both, in said 
main sewer will generally be made at man-holes or lamp or 
hand-holes, although under special conditions, to be defined 
only by the executive board and city surveyor, such changes 
may be made at intermediate places. * 

While the pipe and specials are being laid, in each of the 
aforesaid straight divisions or working sections of the main 
sewer, a light or a burning lamp must be maintained continu¬ 
ally by the contractor at the beginning of such section, and 
each pipe and specials must be so laid that such light or lamp 
shall remain constantly in plain view throughout the entire 
length of such section or division. The same test shall also be 
applied during the work of refilling the trench, so that when 
the sewer is in all respects fully completed and a.ccepted by the 
executive board a light which may be applied at one end of 
such a division of the main sewer shall be clearly and plainly 
seen by looking througji s^id sewer from the other end of said 
division or working section. The length of any such division 
or the distance between a man-hole and the next following 
lamp or hand-hole, or between any two consecutive openings 
of such kind in the main sewer, will, in general, not exceed 
300 feet, although in particular cases it may be somewhat 
greater. 

The trenches must, in all cases, be wide enough to admit 
of the laying of the pipe and specials as above mentioned, 
»and wherever they have not been thus excavated, all necessary 
widening thereof must be done before the pipe and specials 
are lowered therein. Ample room or space must likewise be 
left on each side of said pipe and specials, both to admit of 
proper refilling underneath and also to allow of free access to 
all parts of the hub or socket while making the cement joint. 
Wherever any additional excavation or enlargement in the 
sides of the trench is required for such purposes, it shall be 
satisfactorily performed before the pipe and specials are laid 
or put into place, as no cutting away of the banks will be per¬ 
mitted after any such pipe or special has been set. 

Furthermore, before any pipe or special is put into place, 
a small excavation must be made in the bottom of the pre¬ 
viously graded trench to receive the projecting part of the hub 
or socket, so that each pipe will have a firm and uniform bear¬ 
ing upon said graded bottom over virtually its entire length. 
All adjustment of the pipes to line and grade must be done by 
scraping away or filling in the earth under the body of the 
pipe, and not by blocking or wedging up the spigot or the hub 
or socket. Special attention must be paid to this part of the 
work, since the stability and permanence of the sewer depend 
largely upon the manner in which the pipes are bedded. 
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The joints between the individual pipes and specials shall, 
in all cases, be made water-tight by completely filling out the 
entire annular space between the exterior of the spigot end and 
the interior of the hub or socket with hydraulic cement mortar, 
of such composition as is hereinafter specified. ^ To prevent 
the mortar from reaching the interior of said pipe, the con¬ 
tractor may if he desires, use a narrow gasket of oakum or 
hemp, which shall be properly caulked into each joint, after 
which the mortar shall be introduced therein; but no extra 
compensation for the use of such gaskets will be allowed. 
Special care must be taken to secure a perfect filling of the 
atoesaid annular space at the bottom sides of the pipes, as 
well as at the top; and previous to the introduction of the 
mortar, said space, together with the surfaces of the pipe 
bounding the same, shall be thoroughly free all around from 
dust, sand, earth, dirt, small stones and water. After said 
space has been filled as described, a neat and proper finish 
shall be given to the joint by the further application of similar 
mortar to the face of the hub or socket, so as to form a con¬ 
tinuous and even beveled surface, from the exterior of said 
socket to the exterior of the connecting spigot all around. 
The pipes must also be thoroughly cleaned before being laid; 
and any mortar, earth or other material which may have found 
its way through a joint or otherwise, into any pipe or special 
must be carefully removed before the next succeeding pipe is 
laid, in order that the interior 6f the sewer shall be left smooth 
and clean. 

As soon as the cementing of any joint, whether in a main 
sewer or in a lateral sewer, has been completed, the excavation 
previously made in the bottom of the trench for the reception 
of the hub or socket must be carefully and compactly filled 
with sand, loam or fine earth, so as to hold the external mortar 
finish of said joint securely in its place; and such refilling 
shall also be carried up around the sides or circumference of 
the socket, as far as may be necessary. Any water which 
may have accumulated in said excavations must first be 
removed, or else said excavations must be completely filled 
out with the cement mortar specified, in which event no extra 
compensation will be allowed. 

When a pipe or special is used in any main or lateral 
sewer, which is affected by a broken hub or socket, or a boken 
blister or flake, or a fire-crack on its exterior surface, as limited 
and defined in the foregoing, such pipe or special must be set 
so as to bring said permissible defect on the top or upper part 
of the sewer; and said defect must thereupon be completely 
and liberally covered over with a thick layer of hydraulic 
cement mortar, of the quality specified for the joints, to the 
full satisfaction of the city surveyor, and the executive board. 







202 


ENGINEERING SPECIFICATIONS. 


As the work proceeds, all of the required specials that are 
indicated upon the plan of the street, or that may be required 
during the progress of the work, shall be introduced and set in 
their proper positions. 

Any omissions of the required specials intended to be 
laid, and indicated upon the plan for the sewer, or that may 
especially be ordered beforehand by the surveyor, shall be 
corrected by the contractor without additional compensation; 
but in case that any special not indicated upon the said plan, 
or not distinctly required to be introduced beforehand by the 
surveyor is inserted into the sewer after the latter has been 
laid, the expense of such insertions will be paid by the execu¬ 
tive board upon proper certificate from said surveyor. 

Before leaving the work for the night, or during a storm, 
or for any other reason, care must be taken that the unfinished 
end of the main sewer, or of any lateral sewer is securely 
closed with a tightly fitting iron or wooden plug. Any earth, 
or other material that may hnd entrance into said main sewer, 
or into any lateral sewer, through any such open end or 
unplugged branch, must be removed at the contractor’s 
expense. The cost of all such plugs, and the labor connected 
therewith, moreover, must be included in the regular prices 
bid for the sewers. E. K. 

142. Specifications for the Manufacture and 
Delivery of Oast Iron Water Pipe. The following 
specifications for the manufacture of cast iron water mains are 
in use in the city of Rochester, N. Y. Although w’ater pipe 
is now manufactured and sold as a standard article of com¬ 
merce, and is often purchased without any test or inspection 
whatever, it must be admitted to be a poor practice, and if the 
contract is a large one, the material should be thoroughly 
inspected and tested in all the stages of manufacture. Special 
attention should be given to the tests of the strength and resil¬ 
ience of the material. When cast iron water mains burst, it is 
due to a water ram or sliock, and the more elastic the material 
is of which the pipes are composed, the less will be the force of 
the ram the more able the pipes will be to withstand the shock. 
The resilience of the iron is measured by the product of the 
strength into the deflection, and in the following specifications 
both tensile and cross-breaking tests are required, and the 
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cquisite deflection in the cross-breaking test is also specified. 
The deflection here named will insure a very good quality of 
cast iron, so far as its resilience is concerned, although the 
strength requirement is not particularly high. The author has 
had a large experience in testing the strength of cast iron, and 
he can approve of the standards of strength and resilience here 
named for water pipe metal. 

Sj^ecijications for Water Pifo* 

Dimensions and Weight of Fife .—The pipe shall be of 
the kind usually known as “Hub and Spigot,’’ and in general 
each straight pipe shall be about twelve feet in length fi*om the 
bottom of the hub to the end of the spigot. No straight pipes 
will be received that will lay less than 11 feet 8 inches; but it 
is undei'stood that not more than two per cent, of the total 
number of pipes required in each class may be lo feet or more 
in length, produced by properly cutting off in a lathe a defect¬ 
ively cast spigot end. The form and dimensions of the hub 
and spigot ends of all pipes and castings shall be subject to the 
approval of the Engineer, when specific drawings therefor are 
not furnished by him, and shall conform accuratdy in shape 
and dimensions to all drawings that may be furnished by him 
from time to time. 


(See accompanying figure for these dimensions for the St. 
Louis standard water pipe.) 



The weights and dimensions of the straight pipes shall 
conform to the figures in the following Table, it being stipu- 
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lated that the same may be modified at any time hereafter by 
the Engineer: 

TABLE OF WEIGHTS AND DIMENSIONS OF STRAIGHT PIPE. 
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The specified internal diameter of the pipe is nominal, but 
no pipe or special casting of any class shall have a less internal 
diameter than the nominal diameter. The external diameters 
of all classes of said pipe shall be the same throughout, and all 
variations in thickness of metal of the shells or barrels shall be 
made by changing the internal diameter. 

The thickness of the metal of the pipe and castings will be 
measured after they have been thoroughly cleaned, and before 
being coated. No pipe of any class will be received when the 
thickness of the metal is over one sixteenth of an inch less 
in any part than the thickness above specified, or hereafter 
required by the engineer. 

No pipe of full length will be received whose weight is 
less than the above specified minimum weight, and no excess 
of weighty in any such pipe, beyond the specified maximum 
weight, will be paid for. It is also expressly understood that 
the average weights of the straight pipe of the several classes 
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shall not exceed the said standard weights by more than two 
per cent, of the latter, and that no greater over-weight than this 
percentage will be paid for in the final settlement. The 
standard weight of the straight pipes will depend upon the 
laying length of the pipes actually furnished, and will be 
determined by the engineer. 

Quality of MetaL —The materials, details of manufacture, 
and the testing of all pipe and special castings herein referred 
to, shall at all times be subject to the inspection and approval 
of the engineer. The metal, which must be remelted in the 
cupola or air furnace, shall be made without admixture of cin¬ 
der-iron or other inferior metal, and shall be of such character 
as to make a pipe strong, tough, and of sound, even grain, free 
from uncombined carbon when examined under the microscope, 
and such as will satisfactorily bear drilling, chipping and cut¬ 
ting. Its tensile strength and resilience, when tested in proper 
samples, shall meet all the requirements hereinafter expressed. 

Specimen rods of the metal used, of a size and form suita¬ 
ble for a testing machine, shall be made and carefully tested to 
ascertain its tensile strength. Another set of test bars, each 
being twenty-six (26) inches long, two (2) inches wide, and 
one (i) inch thick, shall also be made as often as the engineer 
shall direct, and shall be tested both, for transverse strength and 
deflection by placing them horizontally and flatwise upon sup¬ 
ports twenty-four (24) inches apart, and then applying a 
steadily increasing load at the middle of each bar. 

The bars for testing the transverse strength or resilience of 
the metal shall be cast from regular patterns in dry or green 
sand, and as nearly as possible to the ixquired dimensions 
without being finished up; proper corrections will, however, 
be made in the results for slight variations of width and thick¬ 
ness. The rods for testing the tensile strength of the iron, on 
the other hand, must be turned down on a lathe in order to 
remove the rough exterior and enable the diameter to be accu¬ 
rately measured. 

At least one set of four test bars, of each kind above des¬ 
ignated, shall be made and tested as described on each working 
day during the manufacture of the pipes and specials. These 
test bars must be poured from the ladle either before or after 
any particular pipes or special casting are poured, and must 
present true samples of the iron used in said pipes or castings. 
Records shall be kept of the tests of all bars made, and a duly 
certified copy of such records shall be forwarded weekly to the 
engineer. 

The quality of the metal used for the pipe and specials 
must be such that said bars for testing resilience, as aforesaid. 
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shall each carry a center load of not less than nineteen hundred 
(1,900) pounds before breaking, and exhibit a deflection of not 
less than five sixteenths (i%) of an inch; also that the tensile 
strength of said metal shall be at least 17,000 pounds per 
square inch, as determined by the tests with the first named set 
of rods. In estimating the suitability of the metal from said 
tests, the average of the three highest results obtained from 
each set of four bars will be considered as representing the 
actual strength of the iron. 

Manufacture of Pipe and Special Castings .—All the 
straight pipes shall be cast in dry sand moulds, vertically with 
the hub end down. Every pipe is to have the initials of the 
maker^s name cast distinctly upon it, and also the year, the 
class letter, and a number signifying the order of its casting, in 
point of date; the several different classes of pipe each to have 
its own series of numbering; the figures and letters to be at 
least two inches in length, with a proportionate width; the 
weight of each pipe to be conspicuously painted on the outside, 
before delivery, with white lead paint at the contractor’s 
expense. 

The branches and all other special castings must conform 
in weight and thickness of iron to the drawings and directions 
to be furnished by the engineer, and no allowance will be made 
for making or altering patterns for the pipe or any special cast¬ 
ings, or for any machine work in properly facing and drilling 
flanges, etc., where bolted joints are to be made. All required 
machine work on said castings shall be done in the best and 
most workmanlike manner, in accordance with said plans and 
directions of the engineer, and to his entire satisfaction. Said 
castings shall be subjected to the same examinations and tests 
at the foundry, except the water-pressure pmof, as the straight 
pipe, and shall be marked in a similar manner. The engineer 
may reject, without proving, any pipe or casting which is not 
in conformity with the specifications or the drawings furnished. 

Pi))es and special castings shall not be taken from the pit 
and stripped while still showing any color of heat, but shall be 
left in the flasks for a sufficient length of time to prevent 
unequal cooling and contraction by suhsec|uent exposure. 

On being removed from the flasks, all pipes and special 
castings shall be subjected to a careful examination and hammer 
test for the purpose of detecting imperfections of any kind. 
They shall then be thoroughly dressed and made clear and free 
from earth, sand or dust, w’hich adheres to the iron in the 
moulds; iron wire brushes must he used, as W'ell as softer 
brushes to remove the loose dost- No acid shall !)e used in 
cleaning the castings. After having been properly dressed and 
cleaned, they shall again be subjected to a thorough inspection 
and hammer test. The contractor will be required at the 
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foundry to place all castings in such positions as may be deemed 
necessary by the Engineer for convenience of inspection. 

The pipes and special castings shall be free from scoria, 
sand-holes, air-bubbles and other defects or imperfections; they 
shall be truly cylindrical in the bore, straight'in the axis of the 
straight pipes, and true to the required curvature or form in the 
axis of the other pipes; they shall be internally of the full speci¬ 
fied diameters, and shall have their inner and outer surfaces 
concentric. To insure proper diameters of sockets and spigots, 
a circular iron templet of the required dimensions shall be 
passed to the bottom of every socket, and a circular ring over 
every spigot. Care shall also be taken to avoid all excess in 
diameter of the sockets. No pipes or special castings will be 
accepted which are defective in joint room, whether in conse¬ 
quence of eccentricity of form or otherwise. No lump or rough 
places shall he left in the barrels or sockets, and no plugging or 
filling will be allowed. All pipes and special castings with 
defective hubs or flanges will be rejected. 

When a defective spigot end is to be cut off from any 
straight pipe, such cutting must in all cases be done in a lathe, 
and a suitable bead or fillet of half-oval wrought iron, about 
three fourths (^) inch wide and five sixteenths (iV) 
thick shall be shrunk upon the new end of the pipe; and there 
shall be deducted from the proper original weight of the pipe 
an amount as determined from the rate specified in the foregoing 
table. 

Coating the Fife and Special Castings .—After the above 
described cleaning and inspection, every pipe and special cast¬ 
ing shall be heated in a suitable oven to a temperature of about 
320® F. and, while at this temperature, be immersed in a bath 
of hot coal tar pitch varnish, prepared in general according to 
Dr. R. Angus Smith’s process. Special care shall be taken to 
have the surfaces of all pipes and castings entirely clean and 
free from rust immediately before putting them into said bath. 
If any pipe or casting cannot be dipped in said bath soon after 
its removal from the mould, it shall at once be thoroughly 
coated with pure linseed oil in order to prevent the formation 
of any rust before applying said varnish. 

The varnish above mentioned shall be made from coal tar, 
distilled until the naptha is entirely removed and the material 
deodorized, also until it attains the consistency of wax when 
cold. Pitch which becomes hard and brittle when cold will be 
rejected. To this material from five to six per cent, of ita 
weight of pure boiled linseed oil shall be added and thoroughly 
boiled therewith. The relative portions of pitch and oil, as 
well as the details of mixture and boiling, are to be carefully 
determined by experiment. 
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The coating must be durable, smooth, glossy, hard, tough, 
perfectly water-proof, not affected by any salts or acids found 
in the soil, free from bubbles or blisters, strongly adhesive to 
the iron under all circumstances, and with no tendency to be¬ 
come soft enough to flow when exposed to the sun in summer, 
or to become so brittle as to scale off in winter. As one test 
of the quality of the coatings a properly coated specimen casting 
will be plunged into a freezing mixture, and kept therein until 
the metal has acquired the temperature of said mixture, after 
which the casting shall be well hammered. If the coating 
remains tough and adhering closely to the metal, it will be con¬ 
sidered proper, provided that it be satisfactory in all other 
respects. 

After a varnish of the proper quality has been obtained, it 
shall be heated in a suitable dipping tank to a temperature of 
about300® F., or such other temperature as may be found expe¬ 
dient, and shall be maintained thereat uniformly during the time 
of dipping. Fresh materials must be added from time to time in 
the right proportions to keep the mixture of the proper consis¬ 
tency. The exact proportions will be determined by the 
Engineer, and will be varied also according to the season of the 
year, as may be directed by the said Engineer, or found neces¬ 
sary to produce a coating of the required quality. The tank 
shall also be occasionally emptied of its contents and refilled 
with fresh material, the frequency of such operation depending 
both on the character of the mixture and the manner of con¬ 
ducting the coating process. 

Every pipe and special casting, after having been inspected, 
cleaned and dressed as above described, shall be heated in a 
suitable oven to a temperature about 20° F. higher than that 
which was found most expedient for the bath of coating mate¬ 
rial aforesaid, and while at such temperature, shall be immersed 
or dipped in said bath. All pipes or castings shall remain in 
the tank at least twenty (20) minutes, or as much longer as 
may be necessary to insure the soundness of the coating. 

Whilst any pipe or casting remains in said bath, the hot 
mixture must be kept thoroughly stirred by a frequent rolling, 
turning or churning motion of such casting, and upon its re¬ 
moval from the tank, the coating shall fume freely for a short 
time, and set perfectly hard within one hour thereafter. Prop¬ 
er facilities for handling the castings and allowing all surplus 
material to drip off, shall be provided by the contractor. The 
cobt of all labor and material involved in the coating of the 
pipes and castings must be included in the prices bid for fur¬ 
nishing said pipes and castings. 

Testing .—After the said coating has become thoroughly 
set and hard, every pipe shall be subjected to a proof by water- 
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pressure of from 200 to 300 pounds per square inch, according 
to its class and diameter, and as will be determined by the 
Engineer. Each pipe while under the required pressure, shall 
be sharply rapped from end to end with a hand hammer, to 
ascertain whether any defects have been overlooked; and any 
pipes which may exhibit any defects by leaking, sweating or 
otherwise, shall be rejected. 

All the above inspections, manipulation and tests of the 
pipe and test bars shall be made at the expense of the contract¬ 
or for the pipe, said expense, however, not to include salary of 
any inspector who may be appointed by the Executive Board. 
If required by the said Board, the affidavit of the superintend¬ 
ent of the foundry, or that of the foreman employed by him to 
perform the above described testing, shall also be furnished to 
the Engineer from time to time; said affidavits to be recorded 
upon the pipe inspector's sheets, and stating in detail that the 
pipes or castings therein described have been carefully tested 
at the foundry in accordance with these specifications, and that 
no defects were discovered or discoverable. 

Weighing pr Payment .—The pipes and castings will be 
weighed for payment after all cleaning, dressing and machine 
work has been done and the coating has been applied, and the 
contractor must furnish, at his own expense, accurate and 
properly sealed scales, together with the necessary labor for the 
purpose. The Executive Board also reserves the right to re¬ 
weigh on similar scales, any pipe or casting upon or after its 
arrival at the designated point of delivery; and if any discrep- 
ency be discovered between the weight marked upon said pipe 
or casting and that which was found on such re-weighing, the 
latter weight will be adopted in the final settlement Payment 
for all material furnished in accordance with these specifica¬ 
tions will be made at the prices bid per net ton (2,000 lbs.) 
for straight pipe and special castings. 

^ Transportation of Pipes and Castings pipes and 
castings must be delivered in all respects sound and in conform¬ 
ity with these specifications. Upon their delivery at the point 
designated, the Executive Board reserves the right to subject 
the said pipe and castings to the same water-pressure proof and 
hammer tests as are above specified to be applied at the 
foundry; and all defective pipes or castings which may have 
passed the inspector at the foundry, or which may have been 
broken in transportation from the foundry to said point of de¬ 
livery, will be rejected when there discovered, unless the same 
may be cut as hereinafter provided. Care must also be taken 
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in handling the pipes and castings not to injure the coating, 
and no material of any kind shall be placed in said pipes and 
castings during transportation, or any time after being coated. 

If, upon its arrival at the designated point of delivery, the 
spigot end of any straight pipe should be found cracked or 
broken, during transportation from the foundry to the said 
point or otherwise, such defective portion will be cut off at the 
contractor’s expense, provided that the same does not exceed 
a length of four (4) feet, and a suitable fillet or bead shall then 
be shrunk on the new spigot end, as above specified. A deduc¬ 
tion from the proper original weight of such pipe shall also be 
made in each such case at the rate specified in the above table 
for every inch of length so cut off. No pipe or special casting 
in which the hub is found to be cracked or defective in any 
respect, will be accepted at said point of delivery or elsewhere; 
nor will any special casting with a defective spigot end be 
received, or permitted to be cut off, without the written order 
of the Engineer. E* K, 


143 . Specifications for Laying Water Pipe. The 
following clauses referring to the methods of laying water 
pipe, and making the joints, are taken from the complete speci¬ 
fications on this subject used by the water commissioner of St. 
Louis. All that portion of the specification referring to the 
trenclhing, protection, tools, alignment, grades, connections, 
back-filling, etc., together with the general clauses are here 
omitted. 

The reducers, bends, caps and such other parts as are 
liable to draw, shall be firmly secured by straps arul holts, and 
in addition to this a firm blocking shall be set behind all caps, 
curves, fire hydrants and three way branch<‘s, said blocking to 
have a large surface bearing against the undisturbed earth, and 
to be wedged up tight. All applications necessary to the per¬ 
fect working of the distribution, when the water is let on, shall 
be made and compleled- 

The straps and bolts used shall be made from the best 
American refined iron, and the size and workmanship, as well 
ms the material, shall be in all respects satisfactory to the water 
commissioner. 
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Any omission of branches, stop-cocks, or other appurte¬ 
nances intended to be laid, shall be corrected when required, by 
re-opening the trench, if it has been filled up, and introducing 
what may have been omitted. 

At the time when laid, the spigots of the pipe shall be so 
adjusted in the sockets as to give a uniform space all around, 
and if any pipe does not allow sufficient space, it shall be 
replaced by one of proper dimensions. The joint shall, at all 
points, be at least five sixteenths of an inch in thickness. In 
the lead and gasket joints, the depth of lead shall not be less 
than three and one quarter inches for the fifteen inch pipes and 
over, nor less than two and three quarter inches for smaller 
pipes. Gaskets of clean, sound hemp yarn, braided or twisted, 
and tightly driven, shall be used to pack these joints, when 
required, a space of one quarter inch shall be left between the 
contiguous pipes. 

The lead used shall be of the best quality of pure and soft 
lead, and suitable for caulking and securing a tight and perma¬ 
nent joint. 

Before running the lead, the joints shall be carefully wiped 
out to make them clean and dry; the joint shall be run full at 
one pouring, and the melting pot shall always be kept within 
fifty feet of the joint about to be poured. 

The joint shall be caulked by competent mechanics. The 
caulking to be faithfully executed, and in such a manner as to 
secure a tight joint without overstraining the iron of the bell. 
In all cases the caulking shall be done towards the place of the 
gate and other points where the lead is likely to be porous, so as 
to drive it together at these points. The lead, after being 
driven, shall be flush with the face of the socket. 

The pipes and all other castings shall be carefully swept 
and cleaned, as they are laid, of any earth or rubbish which 
may have found place inside, during or before the oi) rat ion of 
laying. Every open end of a pipe shall be plugged or otlier- 
wise closed before leaving the work for the night. 

In refilling the trenches, the earth filled into the bottom of 
the trench, under and to the top of the pipes and other cast¬ 
ings, shall be carefully packed and well rammed with proper 
tools for the purpose. 

Whenever written directions so to do are given, the con¬ 
tractor shall fill the trench with river sand, said filling to be 
done in exact accordance with the orders and <Hrection8 of the 
water commissioner. For all sand filling done as al)ove, the sum 
of $ per cubic yard will be paid, which sum shall include 
all expense of materials, tools and labor for the sand filling, 
and removii g the surplus earth from the work. 

C are shall be taken to give the pipe a solid bearing through¬ 
out its entire length. The earth filling above the pipes shall 
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also be sofficiently packed and rammed to prevent after settle¬ 
ment, and the material used shall be free from stones or rock 
fragments. The trenches shall, in all cases; be refilled with 
the material ftirnished by their excavation, provided that it be 
of a proper quality, and the necessary haul be not more than 
500 feet. Earth bon'owed or hauled over 500 feet, to refill the 
trenches (excepting trenches where rock has been excavated), 
will be paid for as embankment, at the price given under item 
of section seven. 

In streets and roads, the class of surface before existing, 
shall be replaced, so as to be in every way equal to that surface in 
materials and workmanship, and satisfactory to the water 
commissioner. 

Whenever trenches are excavated in or across streets 
paved with granite or wood blocks, or with asphalt, the con¬ 
tractor will be required to have the back-fill of trench thoroughly 
rammed (not less than three men ramming to each man filling 
the trench), and to replace the paving temporarily, so as to 
make the street passible for traffic; the permanent laying of the 
pavement in these cases, will be assumed by the city. 

A wooden box or vault shall be furnished and set over each 
of the stop cocks, air cocks, and fire hydrants, and the iron 
frames and covers shall be properly fastened to them. These 
boxes are to be made of the form and dimensions shown by 
samples furnished and approved by the water commissioner; 
they shall be made from sound, well seasoned oak lumber; 
the corner posts shall be of four-inch scantling, and the sides 
shall be formed from two-inch plank, set close, and securely 
nailed. M. L. H. 

144 . Specifications for Stop Valves. The follow¬ 
ing specifications for stop valves for water mains are thought to 
be particularly strong in the requirements governing the strength 
of the material used in the different parts* These require¬ 
ments are followed up very carefully by numerous tests of the 
strength of the material, and in this way the character of the 
composition metal used has come to ht very superior to that 
formerly employed, and much superior to tliat which would be 
obtained without such rigid specifications and tests. They are 
the standard specifications used in the St. I,vOuis water depart¬ 
ment. 

All the iron castings shall !>e rmnie from a superior quality 
of iron, remelted in tiie cupola or air iurnace, tough and of even 
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grain, and shall possess a tensile strength of not less than 18,000 
pounds per square inch. 

Test bars of the metal 3 inches by inch when broken 
transversely, 18 inches between supports and loaded in the cen¬ 
ter shall have a breaking load of not less than 1,000 pounds, 
and shall have a total deflection of not less than of an inch 
before breaking. Said bars to be cast as near as possible to the 
above dimensions without finishing, but coiTection will be made 
by the water commissioner for variations in thickness and width, 
and the corrected result must conform to above i-equirements. 

Specimen bars of the metal used, of a size and form suit¬ 
able for testing, shall be prepared when required. 

These specimen bars shall be poured from the ladle at any 
time, either before or after the casting has been poured, as may 
be required, and shall present a true specimen of the iron used 
for making the castings. 

If any two test bars cast the same day do not show the 
required cross breaking load and deflection, all the castings 
made from the same mixture to be rejected. 

Each valve shall have the maker's initials, the numbers 
showing point in time of casting, and the year cast upon it. 
The year above and the number below, thus; etc. 

The figures and letters will be from 2 to 2 inches long, 
and shall have at least inch relief. 

All the wrought iron used shall be of the first quality of 
American refined iron. 

All the composition metal used, except the valve stem, 
shall be composed of the following proportions, viz: 85 per 
cent, copper, 10 per cent, tin, and 5 per cent, spelter; and 
shall have a tensile strength of not less than 22,000 pounds per 
square inch, with 5 per cent, elongation in 8 diameters, and 5 
per cent, reduction of area at breaking point. 

All castings must conform in shape and dimensions to the 
drawings. The castings must be clean and perfect, without 
blow or sand holes, or defects of any kind. No plugging or 
other stopping of holes will be allowed. 

The valve guides must be straight and smooth. Irregular¬ 
ities, if any, must be planed or chipped off smooth. All face 
joints must be planed true and smooth, in the most workman¬ 
like manner, so as to make a perfectly water-tight joint, with a 
very thin layer of strictly pure lead cement. 

All bolt holes must be accurately drilled from templates. 
The upper part of valve to be finished to receive the valve 
stem, collar and stuffing box, and the fitting at this point must 
be such as to secure a perfect working joint. 

The valve to be a two-faced wedge valve; the castings for 
same to be as shown on drawing. Tb- raised rims to be turned 
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true with dovetailed channel to hold the composition rings. 
The faces must be brought to the exact angle before the rings 
are put on. The face rings are to be of composition metal, 
of quality hereinbefore specified, and are to be turned to fit the 
dovetail in the iron wedge. The connposition rings of valves 
must be shrunk on, and also fastened by copper studs, placed 
not over three inches apart—the whole to be then brought to a 
true plane surface. 

The upper portion of the wtdge to be arranged to receive 
the composition nut as shown. Care shall be taken to give the 
composition nut a perfect bearing surface—both top and bottom. 

On the 36 inch and 30 inch valves, the brass bearings of 
side guides shall be of the full dimensions, and have the exact 
clearance shown on drawings, and be secured in place by coun¬ 
tersunk copper studs, placed not over three inches apart, after 
which the guides shall be brought to a true and smooth surface. 

The seats for rings in body of valve shall be turned true 
and smooth, and to the required angle as shown on drawings. 

The seat rings shall be of form and dimensions as shown 
on drawings, and faced true and smooth. Scat rings to be 
forced into position and thoroughly and securely fastened in 
place, and a perfectly water-tight joint secured. 

All valves of 10 inch diameter and upwards to be provided 
with indicator as shO'Wn on drawings. 

All wrought iron bolts and nuts to be made from the best 
quality of American refined iron. Tlic nuts to be hexagonal 
and the heads square. Heads, nuts and threads to be standard 
size. 

Valve stem shall be ma«!e of phosphor bronze, quality B; 
or Crescent bronze, cfuality No-. 2 ; or of first quality of “Stuck- 
stede’" bnmze, and shall be free from flaws or defects of any 
kind, and ha\e a tensile slrenglh of not less than 30,000 pounds 
per square incli. Screw Ihreatls on the stems and nuts to be 
cut in most pcnfect manner, and of the exact pitch shown on the 
drawings, and so as to work true and smooth, and in perfect 
line throughout entire lift of valve. 

I'herc shall be two dowel pins, made of composition, set 
in the flanges connecting tiie dtnne an«l main casting, as shown 
on drawings, for the purpose of centering and ludnging into 
perfect alignment these castings. Holes for dow’cl pins to be 
drilled and reamed tapering, and pins turned to jjcrfect fit. 
Fins for the 36 inch iinti 30 inch to be i inch in diameter; for 
the 20 find 13 incli, ^ inch diai-neter; for tlie 12 and 10 inch, 
54 inch diameter; and for the K and 6 inch, % inch diameter. 

Gearing to l'>e extra strong, and of tire form and dimen¬ 
sions shown. Ibnion post to be of a good quality of steel; 
key seats shall he truly cut, and keys made of steel, and of the 
lull dimensions. 
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Cap nuts for valve wrench to be of the following outside 
dimensions; for all 6 to 15 inch valves (inclusive), to be 2 
inches square; for the 20 inch, to be 2 inches square; and for 
the 20 and 36 inch, to be 3}^ inches square., , ^ ^ 

All iron work, after being thoroughly cleaned, to be 
painted with three good coats of paraidine varnish, applied hot. 
The valves shall be tested by hydraulic pressure, as follows; 

Mrsf. Heads shall be secured at each end of casting, 
the valve opened, and a pressure of 200 pounds per square 
inch applied. 

Second. Each face joint of valve shall be tested by clos¬ 
ing the valve, leaving one end of the casting open, and apply¬ 
ing a pressure of lOO pounds per square inch to the other—this 
operation to be reversed to test the other face. 

Any and all defects developed in testing shall be thor¬ 
oughly corrected to the satisfaction of the water concimissioner- 
After testing all valves to be thoroughly drained. 

All parts of valves of the same size to be perfectly 
interch ange able. 

The water commissioner may take at random any wrought 
iron bolt or nut, and have it broken in a testing machine. If 
bolt shall not fulfill the requirements of table below, the whole 
lot of that size and make to be rejected: 


Size of Bolt. 

Tensile Breaking 
Strength. 

Reduction of Area at 
Breaking Point, 

5-8 inch. 

9,000 lbs. 

20 per cent. 

3-4 

13,000 

20 per cent. 

7-8 

19,000 

20 |>er cent. 

1 

25,000 

20 per cent. 

11-8 '' 

31,000 

20 per cent. 

11-4 

40,000 '' 

20 per cent. 

1 1-2 

58,000 '' 

20 per cent. 


The Water Commissioner may take at random any valve 
stem with nut, either finished or unfinished, for 6, 8, ro or I 3 
inch valves, and have it broken in a testing machine. 

If any stem or nut shall not fulfill the requirements of the 
table below, the whole lot of that make and size to be 
rejected. 


Size of Vajlv*. 


Tensilk Breaking 
Strength ok Stem. 
(Including Nut and Collar.) 


Ductii.ity in 
8 Diameter. 


6 inch. 
8 

10 '' 
12 « 


34,000 lbs. 
34,000 -- 
84.000 
42,000 


8 per oent. 
8 
8 
8 
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All valve stems for 15 inch and larger valves to be cast 
with a coupon on one end, 15 inches long by inches 
diameter. Any one or all of these coupons may be taken by 
the Water Commissioner and broken in a testing machine- If 
any coupon shall show a breaking strength of less than 30,000 
lbs. per square inch, or shall have a ductility of less than 8 per 
cent, in 8 diameters, the stem from which it was cut shall be 
rejected. 

For all materials taken by the Water Commissioner for 
testing which are found to conform to the above requrements, 
there shall be added to the final estimate: 

For all wrought iron.7 cents per pound. 

For all Phosphor bronze...... . ..25 cents per pound. 

For all Crescent bronze. *..,25 cents per pound. 

For all Stuokstede bronze.25 cents per pound* 

The broken material to belong to the party of the second part* 
For all materials taken for testing which do not come up to 
requirements there shall be no allowance, and the broken 
material shall be returned to party of the first part.* 

The whole to be put together in a thorough and workman¬ 
like manner, and delivered, packed, ready for use. The work- 
parts to be perfectly fitted together and working true in 
line. The joint between the face rings, when the valve is 
closed, must be absolutely water-tight. The whole to be in 
material, workmanship and finish, to the satisfaction and 
acceptance of the water commissioner. M. L. IL 


LUMBER GRADING- AND OLASSIFIOATION. 

146. Rules of the Southern Lumber Manufac¬ 
turers’ Association, The rules given in the following 
articles were adopted by the Southern Lumber Maniifactiirefi^ 
Association at Memphis, Tennessee, February 21, 1895* They 
are given here entire to assist the engineer to use descriptive 
terms in the same sense in which they are used by the lumiier 
manufacturers and dealers. While they are intended to apply 
only to..southern yellow pine, they can be understood to apply 
in a general way to all merchantable lumber. Since lumber ii 
always sold under certain grade names, and since in the large 

* In the St. Louis speciheations the cuntr&ctor is the pa-ny of the first part. 
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markets the lumber is officially graded, it is sufficient for the 
engineer and architect to use these technical terms in his speci¬ 
fications, provided he knows that he is using it in the same 
sense in which it is used by lumber dealers in that market If 
he does not feel safe in limiting his description to the use of 
such technical class terms, he will still find considerable infor¬ 
mation in the following official rules, which will enable him 
better to describe the kind of lumber wh»ch he wishes to have 
supplied. 

14:. General Enles for Olassifying Lumber. 
The following general rules are intended to serve as a guide to 
lumber inspectors in enabling them to classify the lumber in 
accordance with the grades named below in subsequent 
articles. 

I. Yellow pine lumber shall be graded and classified 
according to the following rules and specifications as to quality; 
and dressed stock shall conform to the subjoined table of stand¬ 
ard sizes, except where otherwise expressly stipulated between 
buyer and seller. 

z. • Recognized defects in yellow pine are knots (pin, 
round, spike, black, encased, loose or rotten), knot holes, 
splits (either from seasoning, ring-heart or rough handling), 
shake, wane, crooks, warp, rotten streaks, dote, rot, worm 
holes, pitch pockets, seasoning or kiln checks, blue sap and 
pitch streaks. 

""Some of th« fonowlng t«rm» may ineoS Rlog^hoiirt a or 

doavafc ulouf the plane of an annual ring, u«uaHy about half way between the pith 
and the circumference. <*Shake’» or **wliid «hake*» ii a cleavage of the trunk of a tree 
while yet itanding, due to the action of the wind in bending the trunk. It ii utually 
along the plane of an annual ring, that hi to eay, concentric with the center or pith of 
the tree. 

**Heart"Shake” is a diametral or radial cleavage through the tree or log. If it 
occurs after the logs art cut, or In large timberi after they are sawed, it ii due to shrink¬ 
age In drying. This is the common defect of ail oak iogi or large timberi, 

**Wane*’ It a deficiency in width, either over the entire edge or on one corner, 
caused by a crook in the log. 

•♦Crooks”' are permanent diftortlons el the board, due to defective piling or from 
other causcf. 

♦♦Warp” is a twisting of the board into a warped surface, 

‘♦Scaioning or kiln checks” are either very small or large cracks, caused by dry¬ 
ing the surface of the board with it* accompanying shrinkage, while the interior is still 
wet. 

♦♦Blue sap” is a discoloration, which green yellow pine Im subject to, especially the 
sap portion, if not at once piled for drying or placed in a dry kiln. 

‘‘Fitch streaki” arc longitudinal openings, sometimes of considerable slxe, an Ji4 
Inch to Jjfinch wide and several inches (or even feet) long, filled with rosin. 
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3. Bright sap shall not be considered a defect in any ot 
the grades provided for and described in these rules. The 
restriction or exclusion of bright sap constitutes a special class 
of material which can be secured only by specific contract. 

4. Firm red heart shall not be considered a defect in 

common grades. ' 

5. Defects in rough stock, caused by improper manufac¬ 
ture or drying, will reduce grade, unless they can be removed 
in working such stock to standard sizes. 

6. Imperfect manufacture in dressed stock, such as 
chipped, grain splintered or torn places, broken knots on edge 
of shiplap, insufficient tongue on flooring, etc., shall be con¬ 
sidered defects, and reduce grade accordingly. 

7. A standard knot is sound, and not over i inches in 
diameter. A pin knot is sound, and not over half an inch in 
diameter. 

8. Any piece that will not work one half its size shall be 
classed as a dead cull. 

9. The grade of all regular stock shall be determined by 
the number and position of the defects visible in any piece. 
The enumerated defects admissible in any given grade are 
intended to be descriptive of the coarsest pieces such grade may 
contain. The average quality of the grade should be midw^ay 
between such pieces and the defects allowed in the next higher 
grade. 

10. Lumber or timber sawed for specific purposes, such 
as wagon tongues, bridge timbers, car sills, etc., must be 
inspected with a view to the adaptability of the piece for the 
use intended. 

11. In finishing, flooring, etc., the enumerated defects 
admissible in a given grade apply only to the face side of tke 
piece, but reverse face should not admit defects that would 
render the piece unsuitable for the purpose intended. 

12. Standard lengths are multiples of 2 feet from 10 to 20 
feet, inclusive, for boards and strips, and from 10 to 24 feet, 
inclusive, for dimension, joists and timbers. Longer or shorter 
lengths than those herein specified are special. Odd lengths, 
if below 24 feet, shall be counted as of the next higher even 
length. 

13. On stock width shipments of 8-inch and under no 
board shall be admissible that is more than % inch scant; on 
lo-inch not more than ^ inch, and on 12-inch not more than 

inch scant of specified width. 

14. Yellow pine of better grade than No. i common up 
to 4 inches in width is classified according to grain as edge 
grain and flat grain. Edge grain yellow pine has been vari¬ 
ously designated as rift-sawn, straight grain, vertical grain and 
quarter-sawedp all being commercially synonymous terms. 
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Edge grain stock is specially desirable for flooring, and admits 
no piece in which the angle of the grain exceeds forty-five 
degrees from vertical, thus excluding all pieces that will sliver 
or shell from wear. Such stock as will not meet these require¬ 
ments is known as flat grain. 

15. All dressed and matched stock shall be measured 
and sold “strip count/' e,, full size of rough strip from 
which such stock is made—3, 4, 5 and 6 inches wide, 

16. The foregoing gcmeral observations shall apply to and 
govern the following detailed descriptive enumeration of 
recognized grades. 

147 . Rules for Grading Finishing Lumber. The 

following rules for grading apply to all kinds of finishing stock, 
whether for interior or out-door work. In these rules such 
expressions as “S. i S."or “S. 2 S." mean “surfaced one side," 
or “surfaced two sides," respectively. Also “S. i S. i E.** will 
be understood to mean “surfaced one side and one edge." By 
surfacing is meant planing or running it through a planing 
machine. It may still require hand dressing for the best work. 
Nearly all saw mills now dry their lumber and run it through 
the planer, in order to save the extra freight on the rough 
and green lumber. 

(Grades; First and second clear; third clear; barn and 
roofing stocks). 

17. First and Second Clear Finish^ i inch, S. i or 2 
S., up to and including 10 inches wide, must show one face 
clear from all defects; 33p^r cent, of any shipment of 12 or 
14 inches wide will admit two pin knots or one standard knot, 
slight pitch streak, or small pitch pocket, or sap stain not over 
iji inches wide running across the face, or small kiln or 
seasoning checks, but no two of these defects shall appear in a 
single piece ; 16 inches wide will admit of two defects allowed in 
12-inch or their equivalent. Wider than 16-inch will admit 
proportionately more defects. Pieces otherwise admissible in 
which the point of the grain has been loosened or slivered in 
dressing on the face side should be put in lower grade. Defec¬ 
tive dressing or reverse face of finishing is admissible. In case 
both faces are desired clear special contract must be made. 

18. Third Clear Finish^ i inch, S. i S. or 2 S-, up to 
and including 10 inches in width, may have not more than two, 
of the following defects on best or face side: Three pin knots 
one standard knot; three sap stains 2 inches wide running across 
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the face or their equivalent; two pitch pockets; slight pitch 
streaks, kiln or seasoning checks; torn places, and wane which 
does not enter more than i inch, nor extend more than 2 feet; 
i2“inch will admit three of the above defects, or their equiva¬ 
lent. This grade is suitable for paint finish. 

19* 1/4 and 2 inch, S. i or 2 S., shall take i inch 

inspection, and unless otherwise agreed between buyer and 
seller, shall be subject to inspection on face or best side only. 

20. Barn and novelty siding, shiplap and grooved roofing 
shall be 8, 10 and 12 inches wide, and consist of boards falling 
below third clear which are sound and water-tight, free from 
coarse knots and wane over i inch wide extending more than 3 
feet in any piece. Pitch, except in narrow streaks, should be 
excluded. 

21. JEdge-Grain JFlooring. (Grades: First clear, second 
clear). First clear edge-grain flooring must be well manufac¬ 
tured, and free from all defects on face side of strip. 

22. Second clear edge-grain flooring will admit of three 
pin knots or one standard knot, or small pitch pocket, or blue 
sap stain not to exceed 10 per cent, of the face. 

23. Flat-Grain Flooring, (Grades: A flat, B flat). 
A flat flooring may contain two pin knots or one small 
pitch pocket, but shall be free from other defects, and must 
be well manufactured. Pieces in which the point of the 
g^ain has been loosened in dressing should be put in lower 
grade. 

24. B flat flooring may have any two of the following 
defects:^ Three pin knots or one standard knot, slight sap stains, 
small pitch pockets, slight torn places and defects in manufac¬ 
ture, narrow pitch streaks and seasoning checks. When all 
other defects are absent, blue sap stain in any quantity shall be 
admitted. 

25. Common Flooring, (Grades: No. i common, No. 
2 common). No. i common flooring must be manufactured 
from sound stock. In addition to the defects described in B 
flat, also admits of sound knots, blue sap and firm red heart in 
any quantity, pitch and slight shake, but must lay without 
waste. No division as to grain is made in this grade. 

26. No. 2 common flooring includes all pieces that will 
not grade No. i common which can be laid without wasting 
more than one fourth the length of any piece. This grade will 
admit imperfections which do not render the piece unfit for use 
in cheap floors and roof sheathing. 

27. Center-matched flooring shall be required to come up 
to grade on one face only. 

28. Ceiling, (Grades: A, B, C). A ceiling shall be 
free from all defects on face side and well manufactured. 
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29. B ceiling will adnnit slight imperfections in dressing_ 

three pin knots or one standard knot, pitch streaks or small 
pitch pockets, or blue sap stain not to exceed 10 per cent of the 
face; but not more than two of these defects to be admitted in 
any piece. 

30. C ceiling conforms to grade of No. i common flooring 
and is suitable for paint finish. Will admit imperfections that 
do not prevent its use without waste. 

31. Wagon Bottoms. (Grades: A, B). Wagon bottoms 
shall be graded the same as flat grain flooring. 

32. Bevel and Drop Siding. (Grades: A, B and C). 
Shall be graded according to ceiling rules, but will admit more 
blue stain, and, except in C grade, should exclude pitch. Slight 
additional imperfections on the thin edge of bevel siding which 
will be covered by the lap are admissible. 

33. Partition. (Grades: A, B and C). Partition shall 
conform to ceiling grades, but must meet the requirements of 
the specified grade only on one face. The reverse face shall 
not be more than one grade lower. 

34. Molded Casings and Base. (Grades: First clear, 
second clear). First clear shall be free of all defects on face 
and perfect in manufacture. 

35. Second clear is suitable for work that is to receive a 
paint finish, and usually consists of rejections, made after 
dressing, from stock inspected in the rough as first clear. The 
defects admitted in B ceiling would be allowed. 

148. Rules for Gradin/a: Oommon Boards and 
Rough Lumber. 

COMMON nOAnOS AND SHIPI.AP. 

36. No. I common hoards, S. i S., and No. r common 
shiplap shall be manufactured from sound stock, of even thick¬ 
ness the entire length. Will admit of any two of the following 
defects: Wane one half inch <leep on edge and one sixth the 
length of any piece; tight sound knots, none of which shall be 
larger than three inches in diameter, or e(juivalent spike knots; 
one split not more than sixteen inches lotig, and blue sap. 
These boards should be firm and strong, suitable for use in all 
ordinary construction and serviceable without waste. 

37. No. 2 common boards and No. 2 conumm shiplap 
admit pieces that fall below No. i common which are free 
from the following defects: Rotten streaks that go through 
the piece, through heart shakes which extend more than one 
half the length of the piece, and wane over two inches wide 
exceeding one third of the length of the piece. A knot hole 
1)4 inches in diameter or its equivalent will be allowed, pro¬ 
vided the piece would otherwise grade No. 1 common. Worm 
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holes and* straight splits one fourth of the length of the piece 
are admissible. 

FENCING S. I S. 

38. No. I common fencing must be manufactured from 
sound stock. May contain sound knots equal in diameter to 
not over one third the width of piece at any given point 
throughout its length, but must be free from spike knots the 
length of which is over one half the width of piece. Also, free 
from wane over one half inch deep on edge and one half the 
length of any piece measured on one side. This grade must 
work its full length without waste. 

39. No. 3 common fencing shall admit of pieces that fall 
below No. I common which are free from through rotten 
streaks. 

40. Miscut I inch stock in boards and fencing which does 
not fall below inch thick shall be admitted in No. 2 com¬ 
mon, provided that the grade of such thin stock is in all other 
respects as good as No. i common. 

DIMENSION S. I S. I B. 

41. No, I Common Dimension shall be manufactured 
from sound stock, and be free from loose and unsound knots, 
and large knots so located as to materially impair the strength 
of the piece; will admit of seasoning checks and heart shakes 
that do not go through, of slight wane and such other defects 
as do not prevent its use as substantial structural material. 

42. No, 2 Common Dimension admits all pieces falling 
below No. I common which are free from through rotten 
streaks, and sound enough to be used without waste. 

43. Miscut 2 inch stock which does not fall below 
inch shall be admitted in No. 3 common, provided that the 
grade of such thin stock is in all other respects as good as No. 
I common. 

44. In boards, fencing and dimension, stock falling below 
No. 3 grade and excluding dead culls shall be classed as No. 3. 

45. Dressed timbers shall conform in grade to the speci¬ 
fications applying to rough timbers of similar size. 

ROUGH YELLOW PINE-FLOORING STRIPS AND FINISHING. 

46. Flooring strips are 3 inches, 4 inches, 5 inches and 
6 inches wide when green; square-edged and evenly manu¬ 
factured. 

47. Finish must be evenly manufactured, and shall 
embrace all sizes from i inch to 3 inches thick by six inches 
and over in width. 

48. No finishing lumber, unless otherwise ordered, should 
measure when dry and rough less than inch scant in thick- 



LUMBElt GEA0ING ANB CLASSIFICATION. 223 

ness. No piece in any shipment of boards and strips shall be 
more than ^ inch scant on 6 and 8 inch stock, -34 inch scant 
on to and inches scant on I2 inch and wider stock. 

49. Wane and seasoning checks that will dress out in 
working to standard thicknesses and widths are admissible. 

50. Subject to the foregoing provisions rough finishing 
shall be graded according to the specifications applying to dress 
finishing. When like grade of both faces is required special 
contract should be made. 

COMMON BOARDS, FENCING AND DIMENSION. 

41. Rough Common Boards and Fencing must be 
evenly manufactured, and should not be less than % inch thick 
when dry, nor more than ^ inch scant of specified width. 

52. Rough a inch Common shall be evenly manufactured 
and not less than i^ inches thick when green, or 13^ inches 
thick when dry. The several widths must not be less than >4 
inch over the standard dressing width for such stock. 

53. The defects admissible in rough rock shall he the 
same as those applying to dressed stock of like kind and grade, 
but such further defects as would disappear in dressing to 
standard size of such material shall be allowed. 

54. Rough timbers 6x6 nnd larger shall not be more than 
X inch scant when green and be evenly manufactured from 
sound stock with not less than three square edges, and must be 
free from knots that will materially weaken the piece. 

55. Timbers loxio in size may have a 2 inch wane on 
one corner, or its equivalent on two or more corners, one fourth 
the length of tile piece. Other sizes may have proportionate 
defects. 

^6. .Seasoning checks, and shakes extending not over one 
eighth the length of the piece, are admissible. 

149. Standard Dimensions of the Southern 
Lumber Manufacturers’ Association.* 

Flooring, The standard of 1x4 nnd 6 inch shall bo 
and $}( inches; ijjf inch tlooriug, r/j inches. 

Ceiling. .j4 inch ceiling, ,»g inch; *4 inch ceiling, 
jJj inch; inch ceiling, inch; H inch ceiling. inch; 

same width as flooring. 

Finishing. I inch, S i S or S 2 .S, to V.i inch, 
S I S or S 2 .S, to I. , 3 a inch; i >4 incli, .S i S or S a S, to 
ijJ inches; 2 inch, S i S or S 3 S, to 1 inches. 

Boards and Fencing, i inch, S i S or S 2 S, to 13-16. 

•These particular dlmeiwlons can mt he atsuined ft# huld for til part* of the 
country. 
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Dimension, 2x4,8 1 S i E, to 1^x3^ inches; 2x6, 
S I S I E, to 1^x5^ inches; 2x8, S i S i E, if^x 7 J 4 inches; 
2x10, S I S I E, to 15^x95^ inches; 2x12, S i S r E, to 
1 54 x 1 1inches; 4x4, 54 inch off side and edge;^ 4x4, S 4 S, 
inch off each side. 

149a. Rules Governing the Inspection and 
Measurement of Lumber in the St. Louis Market. 

Rule i. Standard grades of lumber shall be firsts and 
seconds, common, and cull. In the grade of firsts and seconds 
the^purchaser is entitled to a fair proportion of clear lumber, 
which must not be less than 33 per cent. First and clear are 
interchangeable terms meaning that the lumber must be 6 
inches wide and over, except poplar, yellow pine and cypress, 
which must be 8 inches wide and over, and free from all defects. 

Rule 2. Standard lengths shall be 10, 12, 14, and 16 
feet. The first and second grade will admit nothing under 10 
feet and not to exceed 10 per cent of 10 feet in any lot; i. e., 
10 per cent of all lo-foot lumber in any lot may be graded as 
firsts and seconds. In black walnut, cherry, and hickory an ex¬ 
ception is made, and the total amount of lo-foot lumber may 
be graded as firsts and seconds. An exception is also made in 
ash, in which 18 feet or longer, and in quarter-sawed lumber 
10 per cent of the entire lot may be graded as firsts and sec¬ 
onds. Shorter and longer than standard lengths in all varieties 
of hardwood lumber are to be reduced in grade unless other¬ 
wise agreed between buyer and seller, in which case it shall be 
so stated in the certificate of inspection. 

Rule 3. Standard thicknesses shall be i, 2, 

3? and 4 inches, except poplar, which will allow 
54 and 5^ inches in car lots. 

Rule 4. Standard knots shall not exceed i}( inches in 
diameter and must be of sound character. 

Rule 5. Lumber must be sawed into plump and even 
thicknesses. Scant-sawed lumber must be reduced to the next 
standard thickness, and in case of i-inch lumber to one grade 
lower. All badly sawn, miscut, and uneven lumber shall be 
classed as cull, except when such will dress to its full length 
and width in the next standard thickness, in which case the 
piece shall not be reduced in grade. 
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Rule 6. Splits are always more or less damage to a piece 
of lumber. An allowance must be made in determining the 
quality or quantity, according to the nature of the split. A 
straight split extending not to exceed the width of the board in 
length shall be admitted into the grade of firsts and seconds. 

Rule 7. A cull which will not work one half its size 
without waste is a mill cull of no recognized value. 

Rule 8. Lumber sawed for specific purposes, such as 
axles, bolsters, tongues, reaches, newels, balusters, squares, 
etc., must be inspected with a view to the adaptability of the 
piece for the intended use, as in many cases it can not be used 
for other purposes. 

Rule 9. Merchantable lumber is lumber measured for 
what it will w'ork. 

Rule 10. l.og run is the entire cut of the log, mill culls 

out. 

Rule i i. It is important that all lumber shall he parallel 
in width, square-edged, and with square ends. 

Tapering lumber shall be measured one third the length 
from the small end. 

Rule 12. Ordinary season checks arc not considered de¬ 
fects. Black stain, heart shakes, rots, wormholes, and dote are 
considered serious defects, reducing to a grade lower than firsts 
and seconds. 

Rule 13. Tlic inspection grades of w'agon stock, newels, 
balusters, and table-legs sliall be good and cull. 

Rule iq. Newels from all kinds of timber must be clear 
and fice from heart, to aejuare j;* 7> 9) *0 inches 

plump. The lengths must lie 4 feet full, or multiples thereof. 

Rule 15. Balusters and table-legs shall be clear and 
square 2x2, 2 ^x 2 j 4 , 3*^3' 3^^ and 32 inches long. 

Rule 16. Bolsters mu.st lie 4 feet and 4 feet 6 inelies in 
length, and the size must lie 3x4, 3>ix4>i, 4x5, 4>5x5j/i, and 
5x6. 

Rule 17. Reaches must he 2x4, 8, y, and 10 feet, or 
>2, and 16 feet long. 

Rule 18. Hickory axles shall he 6 feet for 3x4, 31^x4 
3 j 4 x 4 j 4 , and 4x5 inches, and feet long, for 5x6 and 5x7. 

Rule 19. W'agon tongues must be straight and 2x4 at the 
small end, and 3x4, 3■4x4, or 4x4 at butt end, 12 feet long. 
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POPLAR. 

The inspection grades shall consist of firsts and seconds^ 
common^ and cull. 

Firsts and Seconds shall be 8 wide inches and over; at 8 
inches will admit of i inch of bright sap, but no other defects; 
at fo to 12 inches will admit of 3 inches of bright sap, or two 
standard knots; at 12 to 15 inches will admit of 4 inches of 
bright sap and two standard knots, or three standard knots if 
there is no sap. 

Boards and plank free from other defects may be one half 
bright sap if over 12 inches wide. 

Common shall include any width not less than 6 inches, 
and will allow of bright or discolored sap and knots beyond 
those described in firsts and seconds. Two unsound standard 
knots will be allowed in this grade if over 12 inches wide, and 
splits shall not be considered a defect. Otherwise the lumber 
must be sound. 

Culls shall comprise all widths and sizes having more de¬ 
fects than described in common, whether in the number or in 
the character of the knots, badly checked, and generally such 
lumber as is unfit for ordinary purposes. 

Fox hoards shall be 12, 14 and 16 feet long, from 13 to 17 
inches wide, free from all defects except bright sap. 

Poflar strips shall be full 6 inches wide, i, 13^, and 
inches thick, 12, 14, and 16 feet long. Clear shall be free from 
all defects. Second clear may be one half bright sap on one 
side and have one sound knot not over ^ of an inch in diame¬ 
ter. Common shall embrace all sound strips with more defects 
than second clear. Cull shall contain all unsound strips that 
will work one half its contents, and all tapering strips. 

Poplar squares shall be graded No. i. No. 2, and culls. 

No. I. Lengths may be 8, 9, 10, 12, 14, 16, and 18 feet. 
4x4 will admit one half inch bright sap, or two standard knots. 
5x5, 6x6, and 7x7 will admit one third bright sap or two stand¬ 
ard knots. 8x8, loxio, and 12x12 will admit one half bright 
sap and three standard knots. 

No. 2 will admit colored sap knots of a sound character, 
wane, ordinary season checks, and splits not to exceed 12 
inches in length. 

Cull shall comprise all squares below the grade of No. 2, 
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ASH. 

Firsts and Seconds must be 6 inches wide and over. At 8 
inches one and at lO inches two standard knots, or their equiv¬ 
alent in other defects may be allowed. An allowance for more 
defects of this character may be made in proportion to increased 
width. Eighteen feet or longer must be 5 inches or over wide. 

Common shall include 5 inches and over wide. At 6 
inches one, and at 8 inches two standard knots, or their equiv¬ 
alent in other defects, may be allowed. An allowance for more 
defects of this character may be made in proportion to increased 
width. 

Cull shall comprise all widths and sizes below the descrip¬ 
tion of common. 

OAK. 

Firsts and Seconds must be 6 inches wide and over. At 8 
inches one, and at 10 inches two standard knots, or their equiv¬ 
alent in other defects, may be allowed. An allowance for more 
defects of this character may be made in proportion to increased 
width. 

Common shall include 5 inches and over wide. At 6 
inches one, and at 8 inches two standard knots, or their equiv¬ 
alent in other defects, may be allowed. An allowance for more 
defects of this character may be made in proportion to increased 
width. 

Lkimensions may contain sound hearts if well boxed. Heart 
shakes, rot, and dote are not admissible. 

Cull shall comprise all widths and sizes below the descrip¬ 
tion of common. 

YELLOW PINE. 

Finishing i to 2 inches. 

The inspection grades shall consist of firsts and seconds 
common and cull^ and shall be inspected on best face. 

Firsts and Seconds must be 8 inches wide and over; up to 
and including 10 inches wide will admit two 'sound knots not 
over ^ of an inch in diameter; at 12 inches will admit three 
sound knots not over % of an inch in diameter, or one standard 
knot. An allowance for more defects of this character may be 
made for increased widths. Bright sap is not considered a 
defect. 
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Common shall include all lumber not up to the grade of 
firsts and seconds, but free from shakes, large knots or unsound 
lumber. 

Culls shall comprise all lumber below the description of 
common. 

Strips shall be 4 inches and 6 inches wide. 

Pirsts and Seconds must be free from all defects on one 
side. Bright sap is no defect. 

Common may have three small knots not more than ^ of 
an inch in diameter, or one standard knot, blued sap or small 
wane on one edge which will not injure it for working to its 
full size. 

Culls shall comprise all lumber below the description of 
common. 

QUARTER-SAWED HARDWOOD LUMBER-OAK, SYCAMORE, ETC. 

Firsts and Seconds must be 6 inches wide and over. At 

7 inches one, and at 9 inches or wider two standard knots will 
be allowed. 

Common shall be 3 inches and over wide. At 6 inches 
one, and at 8 inches two standard knots, or their equivalent in 
other defects, will be allowed. An allowance for more defects 
of this character maybe made in proportion to increased width. 

Culls shall comprise all lumber below the description of 
common. 

QUARTER-SAWED OAK STRIPS. 

Quarter-sawed oak strips shall be 3, 4, and 5 inches wide, 
and the inspection grades shall be firsts and seconds and cull. 

Firsts and Seconds shall have one face clear of all defects. 
Cull shall include all lumber not up to the grades of firsts and 
seconds. 

BLACK WALNUT, CHERRY, BUTTERNUT AND CHESTNUT. 

Firsts and Seconds must be 6 inches and over wide. At 

8 inches one inch of sap or one standard knot, and at 10 inches 
two inches of sap or two standard knots may be allowed. An 
allowance for more defects of this character may be made in 
prop6rtion to increased width. 

Co 7 n 7 non shall be 5 inches and over wide and shall include 
all lumber not up to the grades of firsts and seconds, but avail¬ 
able fully ^ its size without waste, free from hearts and un- 


EULES GOYEBNING INSPECTION OP LUMBEE* 224 © 


sound lumber, Heart siiakes, rot, dote, or wonn-lioles are not 
admissible. 

Culls shall comprise all lumber below the description o! 
common. 

Note. —Gujn spot» arc coMidered a scrioua defect, and when their dtmtge nx- 
ce#s one-sixth ©f the siac of the piece, shall reduce the grade to common. When their 
damage exceeds one»third the ibe of the piece, it shall be reduced to cuU. 

CYPRESS. 

Firsts and Seconds must be 8 inches and over wide, and 
clear up to lo inches; at io to inches may have two stand¬ 
ard knots and 3 inches of bright sap. An allowance for more 
defects of this character may be made in proportion to increased 
width. Free from other defects may be one half bright sap. 
Lengths of 18 feet and over are allowed in this grade. 

Cotrimon will contain all lumber under .second class, and 
all shaky lumber that is available three-fourths. 

Culls shall comprise all lumber below the description of 
common. 

auM. 

Firsts and Seconds must be 6 inches wide and over. At 
8 inches may have one stiindartl knot, and at 10 indies two 
standard knots; 10 to 12 inches may have three standard knots. 
An idlowance may he made for more defects of thi.s character 
in proportion to increased wiilth. Sap not lulrnitted in this grade. 

Common shall include all lumber available for u.se full 
three-fourths its size without waste, free from hearts and un¬ 
sound lumber. Bright or slightly discolored sap may be included 
in this grade* 

Culls shall comprise all widths and sizes below the descrip- 
tiori of common, 

BIRCH. 

Firsts and Seconds must be 6 inches wide and over. At 8 
inches one, and at 10 indies two stiuular<l knots, cu their erjuiv- 
alent in other defects, may be allowed. An allowance lor othtu 
defects of this character maybe made in proportiem to increased 
widths. Seventy-five per cent of the face must l»e re<!. 

Common shall be sound 5 iru hes an<l over in width, and 
may have defects not injuring it for oniinary use without waste. 
At 6 inches one, and at 8 indies two standard knots, or theii 
equivalent in other <lefects^ may he allowed. An allowance 
for more defects of this character may lie made in [iroportifm 
to increased width. 

Culls sl'iall C0rn|)rise all widths aiul sizes below the descrip¬ 
tion of common. 

HICKORY, PKCAN, HARO AND SOF'C MAPI.E, KLM, BKECII 
AND SYCAMORE. 

To these the standard rules governing Ash are applicable.. 
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RULE FOR MEASURING LOGS. 

4-11 logs measured by the authority of this Exchange shall 
be measured by Scribner-Doyle’s Rule, as published in Scrib¬ 
ner’s Lumber and Log Book. 

150. Specification for ThorougWy Seasoned 
Lumber. There is no difference between “seasoned" lum¬ 
ber and “dried” lumber. “Thoroughly seasoned’’ or “thor¬ 
oughly dried” lumber is lumber'which has been dried, either in 
the open air or in a dry kiln, until it has reached that state of 
dryness which is relatively permanent. It then contains water 
equal to about ten per cent, of its weight. This is what might 
be called the atmospheric moisture. This will remain in the 
wood unless driven off by evaporation at a temperature of 3I3 
degrees Fahrenheit or more. The word “thoroughly” when 
used in this connection, means “uniformly” as well as “effect¬ 
ually.” That is, “thoroughly dried” lumber is dried uniformly 
throughout its entire cross-section and throughout its entire 
length. 

To determine the percentage of moi.sture of lumber it is 
only necessary to cut a section from a board or stick and weigh 
it; then dry in an ordinary stove oven with a slow fire for an 
hour or two and then weigh again; the difference in weight 
divided by the dry weight is the percentage of moisture. As 
determined by this test, “thoroughly dry lumber” should not 
contain more than ten or twelve per cent, of water, and the 
interior should be as dry as the exterior. 

The necessity for u.sing thoroughly dried lumber where 
shrinkage is to be avoided, arises from the fact that below about 
JO fer cent, moisture lumber skrmks nearly as much as it 
dries. That is to say, when lumber dries down from 30 per 
cent, moisture to lo per cent, moisture it dries out, or loses 
in weight, 20 per cent, of its dry weight. It also loses about 20 
per cent, of its dry volume, or say 15 per cent, of its volume at 
30 per cent, moisture. The shrink.age lengthwise h very slight, 
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hence it has lost about 15 per cent, of its cross-section, or say 
six or seven per cent, of each of its lateral dimensions. That 
is to say a board one foot wide at 30 per cent, moisture is only 
about n|4 inches wide at 10 per cent, moisture; or a floor¬ 
ing board 4 inches wide at 20 per cent, moisture is only about 
35^^ inches wide at 10 per cent, moisture. On account of the 
very large radial fibres (medullary rays) in oak wood, this 
kind of lumber shrinks mostly in a circumferential direction, 
and all timber shrinks more circumferentially than radially 
since all woods have these medullary rays to a greater or less 
extent. It is for this reason that '‘quarter sawed*' (radial 
sawed) lumber is more satisfactory than “flat sawed" for all 
kinds of furniture and house trimmings. For flooring quarter 
sawed, or “rift sawed" boards, presenting an “edge-grain" 
surface, is far preferable to “flat-grain" because it wears evenly 
and does not sliver on the surface. 

TWe specification may read as follows: 

All the lumber delivered under this contract, to be used 

for purposes of-, shall be thoroughly senaoneci or 

dried, either in the open air or in a kiln or both. By “thor¬ 
oughly seasoned" as here used is meant a seasoning or drying 
uniformly througliout the entire sections of the various sizes 
delivered, and the average percentage of moisture contained in 
the lumber when delivered shall not be more than ten per cent, 
of its weight, as determined by actual experiment. 


161. Specification for Oast Iron,^‘ 1 'here is prol)- 
ably no material in engineering structures which can more 
profitably be governed by specifications involving tests than 
cast iron. Since cast iron usually breaks under some kind of 
shock or blow, it is more necessary to test llie iron for resilience 
than for strength. The most convenient test for resilience is 

•See the minithor''s 4if C&mirucikn for % full de®crlpt!on of tnethod® oi 

watiufMCture, method* of teitlug, and phyilfai pr«perti€i of all,the metals commonly 
amd lr» wurkfc. 
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the cross-bending test, in which deflection is measured. The 
half product of the deflection multiplied by the breaking load 
is the mathematical measure of the resilience in inch pounds. 
This can be reduced to an absolute unit by dividing by either 
the weight or the volume of the bar, and if all the bars tested 
in this way are rectangular in cross-section and of uniform size 
from end to end, the unit obtained in the above manner will 
be comparable, notwithstanding great variations in the dimen¬ 
sions. It is best, however, to have the test specimens always 
made from the same pattern, using the thickness of metal 
which corresponds closely to the average thickness of web of 
the castings required. If uniform test specimens be employed, 
there is no necessity of dividing the half product of deflection 
and breaking load by the volume or by the weight, since this 
volume or weight remains a constant. In this case the relative 
resilience of the material will be indicated by the product of 
the breaking load into the maximum deflection. The strength 
of the material will be indicated by the breaking load alone. 

The following specification is the one commonly employed 
for all castings made for the water department of St. Louis, 
and is designed to answer the above requirements. 

Cast Iron, 

All of the iron castings shall be made from a superior 
quality of iron, remelted in the cupola or air furnace, tough 
and of even grain, and shall possess a tensile strength of not 
less than 18,000 pounds per square inch. 

Test bars of the metal 3 inches by inch, when broken 
transversely, 18 inches between supports, and loaded in the 
center, shall have a breaking load of not less than 1,000 pounds 
and shall have a total deflection of not less than 3-10 of an 
inch before breaking.'* Said bars to be cast as near as possi¬ 
ble to the above dimensions without finishing; but correction 
will be made by the water commissioner for variations in thick¬ 
ness and width, and the corrected result must conform to above 
requirements. 

♦The tensile strength may be raised to 20,000 or even to 25,900 pounds per square 
inch, while the deflection may be made % inch for ordinary good cast iron and % inch 
for a better quality. For a superior quality it may be made inch, with a breaking 
load of 1250 pounds. 
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.Specimen bars of the metal used, of a size and form sui, 
able for testing, shall be prepared when required. . 

These specimen bars shall be poured from the ladle at 
any time, either before or after the casting has been poured, 
as may be rcriuired, and .shall present a true specimen of the 
iron use(i for making the castings. 

If any two test bars cast the same day show a breakin 
slren^lh of less than 18,000 pounds per square inch, or do not 
show the refpiired cross-breaking^ load and denection, all the 
castin^^s made from the same mixture to be rejected. 

All castings shall conform to the shape and dimensions 
reqiiiicfi by tiiC diawiiigs, and shall be clean and perfect, vvith- 
out blow or sand holes, or defects of any kind. No plugging: 
or other stopping of holes will he allowed. 

Ihirticular au*e shall be taken to secure perfect lugs, where 
such aie letpiired hy the drawings. Whenever any doubt 
exists of tlie exact interpretation as to the shape or dimensions 
shown on the drawings, the contractor must consult with the 
water commissioner, or his duly authorized agetit, in regard 
thereto. ]\'l. |p 

162. Specifleation for Cast-Iron Water Pipe. 
The following specifications for cast-iron water pipe were used 
in the contract of the new water works system of Cincinnati 

.Special attention is called to in-ovisions Nos. 

!4 and 15. It is well kn«>vvn that the coal-tar coated cast-iron 
water pipe wdll rust more or less on the outside and will form 
numerous ‘dulHUTles’^ of iron rust upon the interior. This 
rusting action is certainly <!iie to imperfect coating and this in 
turn is doubtless dm* to the iron scale and <jtlier foreign matter 
left oil the outside of the casting when tli|)ped into the hath of 
coal-tar varnislu It is now well known that no perfect protec¬ 
tion of iron liy painting when exjioscd to tlie weatlier, is 
effective unless tin* iron has first been entirely freed from rust 
and the ordinary oxide coating which it lias wlieii it comes 
from the rolls. The saml Idast is the only [lerfect means of 
cleaning the iron fnmi this oxidized coating. 'Vim sand blast 
method of cleaning water pipes is provided as an alternative by 
provision 14 below, and was, with much difliculty, forced upon 
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the contractors. The author believes this to be the only 
absolute assurance against exterior rusting and the forming of 
tubercles upon the interior of cast-iron water pipe. Methods 
can be devised for applying this method of cleaning to the 
interior as well as to the exterior of such pipes. This would 
not only greatly extend the life of the pipe but it would pre¬ 
serve its original efficiency as a water carrier. The cost of this 
method of cleaning the pipes would be a very small percentage 
of the total cost of the works but would add largely to the life 
and efficiency of that part of the system which represents 
three-fourths of the total cost. 

I. The iron shall be of pig metal, properly selected and 
compounded to obtain the desired quality. It shall be a tough, 
gray metal; close, even grained; uniform in quality; soft 
enough to permit drilling and cutting, and capable of showing 
indentations from a sharp blow of a hammer without flaking. 
When tested in specimens one inch in diameter, from which 
the skin has been removed by turning, all metal used shall 
stand, without breaking, a tensile stress of not less than 30,000 
pounds per square inch. Cast bars, one inch square, resting 
horizontally on supports four feet six inches apart, shall stand, 
without breaking, a weight of 550 pounds suspended at the 
center,'* In casting pipe 30 inches anti above in diameter the 
metal shall be poured twice in order to secure a thorough 
mixture. 

3. All straight pipes shall be cast vertically, in dry sand 
molds and loam cores, with socket-end down. 

3. All pipes and special castings shall he cocded gradually 
to avoid chilling or unequal contraction in any part. 

4. All pipes and special castings slial! hv cast witli 
sockets and spigots, or with flanges, as specified or ordered, 

5. All socket-and-spigot pipes and special castings shall 
be square at the ends and at the inner edge of socdccts, and of 
the exact internal diameter and dimensions specified. Their 
sections shall be truly circular and concentric, and their thi» h- 
ness uniform throughout their length Imtween socket and spiguf. 
They shall be free from cracks, cinders, scoria, blisters, air and 
sand holes, cold-shuts, and all other imperfections. I'hey 
have a smooth surface inside and outside. All inside proim- 


♦Thc deflection of thii bar should alto be specified at not ksi than one inch, In oriltr 
to obtain a measure of its resilience. See Art. l5I. I. ||, 
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tions must be carefully removed and made even and smooth 
throughout. No plugging of holes or flaws will be allowed. 
All spigot-ends shall fit well into sockets to the'bottom, without 
requiring chipping in the field, 

6. The weight of the straight pipes, their joint room, 
length and thickness shall be as follows: 


Interior 
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, 
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7. ^ The joint rooms shall notvary more than one-sixteenth 
of an inch, and the lengths shall not differ from the above 
except by written consent of the chief engineer, in which case 
the weights as above given shall be modified in accordance 
therewith, 

8. No pipe whose thickness of metal is more tlian one- 
sixteenth of an inch less than above specified shall he received. 

9. Straight pipes weighing leas than 97 per cent of the 
above specified weights shall be rejected. Any excess of 
weight of nuu’e than per cent in individual pi|)es shall not 
be paid for. Special castings weighing less thaii 97 per cent 
of the standard calculaHul weiglit shall be rejected. Any 
t‘xcesH .id weight of special castings of more than/] per cent 
shall not be paid for. 

10. Tile s(H‘ketH and spigots sliall conform in shape and 
si/e; and the curved pipes, branches, crosses, and oilier special 
castings shall lu^ made in conformity with the drawings furn¬ 
ished and approved liy tlu* ciiicf engineer. 

11. Lugs shall be cast on all such pipes and special 
castings as may bt* directed by the chief engineer. The sockets 
and .spig<ds shall he tested by snitahle gauges, and the thickness 
of the metal shall lie tcssttal by calipers. 

12. Manged pipes shall he cast vertically in dry .sand 
molds and loam cores in a manner similar to the soeket-and- 
spigot pipe. All flanges sliall he smootli, sound, and free 
from all imperfections; to accomplish which the uppiu* flange 
shall be cast with a suitable sinking head thereupon, which 
shall afterwards be cut off. Before coating the pipes the 
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flanges shall be faced in the lathe at right angles with the axis 
of the pipes and drilled by template for bolt connections, as 
shown on the drawings. 

13. Every pipe and special casting shall have cast upon 
it, in letters and figures two inches long and inch in relief: 

(1) The maker’s name or initial. 

(2) The year in which the casting was made. 

(3) The running number of each successive casting made 
of the different kinds and sizes required. The serial number of 
rejected pipes or specials shall not be duplicated. 

14. The pipes and special castings shall be free from 
rust, and shall be carefully cleaned with both hard and soft 
brushes, to remove all adhering sand, clay, and dust, or the 
exterior and interior surface of the pipes and special castings 
shall be thoroughly cleaned by the use of the sand blast if 
elected by the trustees. Both the inside and outside surfaces 
of the pipes must be smooth before and after dipping. 

15. After the pipes and special castings have been 
cleaned to the satisfaction of the chief engineer, they shall be 
subjected to a careful and thorough hammer inspection, after 
which they shall be thoroughly dried and uniformly heated in 
suitable ovens to a temperature of 300 degrees Fahr., and 
then dipped vertically in a bath of coal-tar varnish composed 
of 5 per cent of resin and 95 per cent of the best coal tar, dis¬ 
tilled at a temperature of 440 degrees Fahr., evaporating all 
the lighter oils and retaining the heavy oils. Each pipe shall 
be heated to a temperature of 300 degrees Fahr., and shall at 
that temperature be dipped into the coal-tar varnish, which 
shall be maintained at a uniform temperature of 280 degrees 
Fahr., while the pipe is immersed. The pipe shall remain in 
the varnish at least ten minutes; then withdrawn, drained, 
and quickly dipped a second time to insure the coating of all 
parts which may have remained uncoated. The dipping 
material must be kept free from sand, grit, or other foreign 
material. The uniformity of the composition must be main¬ 
tained by adding fresh materials; and as often as may be 

,necessary, in the opinion of the chief engineer, the tank shall 
be emptied and refilled with clean and pure material. The 
coating must be adhesive, continuous, smooth, hard, yet tough, 
tenacious, and durable. It must be free from blisters and 
bubbles. 

^ 16. After being coated, every pipe and casting shall be 
drained of the surplus varnish, and when dry shall be tested, 
at the expense of the contractor, under such hydrostatic pressure 
as is specified for each size of pipe in paragraph 6 of these 
specifications. 
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17. After baving- been coated and tested, every pipe and 
special casting shall be carefully weighed under the super¬ 
vision of the chief engineer, and the weight and class thereof, 
as well as the inspector’s initials, shall be marked thereon in 
plain, legible letters and figures, in white paint, inside and 
outside. 

18. An inspector appointed by the board of trustees, 
“commissioners of waterworks,” shall, under instructions 
and direction of the chief engineer, inspect and supervise the 
work and material, and see that all the stipulations of the 
specifications are faithfully carried out. He shall have unre¬ 
stricted access to all parts of the works. All tests and weigh¬ 
ing shall be made under his personal supervision, and the 
contractor shall furnish him with all facilities, and with all 
tools, specimens, appliances, and labor necessary for this work 
without charge. 

19. A final inspection may be made after the pipes or 
special castings have been delivered, and any pipe or casting 
found defective at any time after acceptai\ce by the inspector, 
and at the time of unloading on the waterworks grounds, shall 
be rejected, and the contractor shall replace tliem with good 
pipes and special castings acceptable to the chief engineer, free 
of cost to tlie board of trustees, “commissioners of waterworks,” 

20. All scales used for weighing and all gauges used in 
testing sludl, whenever required l)y the inspector, he tested by 
proper authorities with standard United States weights and 
gauges. 

21. All pipes and castings shall l)e delivered on board 
cars on the side track to l)e built on tlie w'atervvorks grounds 
near California, Ohio, and connecting with the Cincinnati, 
(Jeorgetown Sl Portsmouth Railroad. 

22. All pipes and special castings shall l)e delivered in 
all respemts sound and comformahly with the spetufirations. 
In handling or transporting the pi{)cs or special castings, care 
must be taken not to injure the coating in any juanner, nor 
shall any pij)es (jr other material l)e placed inside of any pipes 
or sptHual (listings after they have been coated. 

23. 'Phr price's paid for the pipes and special eastings 
shall intdnde all the materials, patterns, labor, freight charges, 
the* cost of testing, facing, drilling, coating, weighing and 
marking, and other ex|>enses necessary or incidental to the 
mannfatiure and delivery of said pipes and castings on board 
cars on the waterworks grounds near California, Ohlcj, except¬ 
ing tlie salary of tlie inspectors appeiintefi liy the trusteass. 
The ton shall lx* tlie net ton of 2,000 pounds. 

24. I'lie prices paid for straight pipe shall include 
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straight pipes of all lengths not exceeding 12 feet and not less 
than 6 feet. Straight pipes with socket or spigot at one end 
and flange at the other end shall be paid for as flanged pipes, 
• 1. castings with socket or spigot at one end and 

with flange at the other end shall be paid for as flanged specials. 

G. H. B. 


163. Specifications for Riveted Steel Water 
Pipe. —The following specifications were used for the riveted 
steel conduit of the city water supply of Cambridge, Massa¬ 
chusetts.* There is no question but that rivet heads and the 
lapping of the sheets at the ti ansverse joints greatly retard the 
flow of the water and consume a large portion of the hydraulic 
head. Phis might be avoided by counter-sinking the jrivets 
(if the metal be thick enough) and by using an outside butt- 
strap connection at the transverse joints. The author suggests 
these changes in the following specification: ■ 


Me^a/.~The steel for the plates used in the manufacture 
ot the pipe to be of class termed soft, and shall be made by 
the open hearth process. It shall contain not more than o 06 
per cent of phosporus, 0.06 per cent of sulphur, and 0.60 per 
cent of manganese. ^ 

The steel must also stand the following physical tests* 

Tensile strength to be not less, than 55,000 pounds nor 
more than 05,000 pounds per square inch. 

inch 30)000 pounds per square 

Elongation to be not less than 32 per cent longitudinally 
and 30 per cent transversely of the plates. 

t®st specimens to be 8 inches long and inches 
wide between measuring points. 

Bending test specimens cut lengthwise or crosswise from 
the sheet to be six (6) inches long and one (i) inch wide, to 
be bent 180 degrees upon itself when cold, and hammered 
down flat, without sign of fracture on the outside of the bent 
pol'tion. 

Bunching test specimens to be one and three-fourths f i3/ > 
mches wide and not less than ten (10) inches long, in the 
middle o f which a row of not less than eight (8) holes three- 
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fourths (5^) inch diameter spaced one and one-fourth (13/) 
inches between centers shall be punched without causing anj 
cracks. 

Drifting test specimens to be three (3) inches wide and not 
less than five (5) inches long, in which not less than two (2) 
holes three-fourths (3^) inch diameter, spaced two (2) inches 
between center and one and one-half (rj4) inches from the 
edges, shall be punched and then enlarged by blows from a 
sledge hammer upon a drifting pin until said holes are at least 
one and one-fourth (1^) inches in diameter, without causing 
any cracks; such enlargement to be done cold. 

'The plates shall be free from lamination and surface 
defects, and be fully up to the required gauge for thickness on 
the edges. Any plate whose thickness at any point may be 
found less than ninety-five (95) per cent of the required 
thickness, shall be rejected without appeal; furthermore, at 
least ninety (90) per cent of the plates must be of the required 
thickness at all points. 

Rivet steel shall be soft and have a tensile strength between 
the limits of 50,000 and 58,000 pounds per square inch, with 
an elastic limit of not less than 30,000 pounds per square inch, 
and with an elongation of not less than 28 per cent in a test bar 
eight inches long between measuring points and full diameter 
of rivet, and with a reduction of cross sectional area at the point 
of fracture of not less than 50 per cent 

The material shall also be of such quality as will stand 
bending double and fiat before and after heating to a light 
yellow heat, and quenching in cold water, without sign of frac- 
ture on the convex surface of the bend. The quality of ma¬ 
terial of rivet rods and subsequent manufacture into rivets shall 
be such that the edges of heads of properly heated and driven 
rivets shall be free from checks or cracks. All steel rivets not 
conforming to the above requirements will be rejected. 

All plates and rivets must be free from rust and be kept 
under cover, from the time of manufacture of the nlates until 
the completed pipe is dipped or coated. In case of accidental 
rusting, the rust must be removed from the plates in the manner 
hereinafter specified before proceeding with the manufacture 
of the pipe. 


Manufacture of Fife .—The sheets or plates must be of 
such dimensions as to admit of being rolled into true cylinders 
not less than seven (7) feet in length and of the required 
internal diameters, with ample allowance for the necessary 
overlap at the single longitudinal seam of each such cylinder. 
One-half of the whole number of sheets will be formed into 
inside courses, or cylinders, having the specified internal 
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diameter of the conduit pipe, and the remaining half into 
‘‘outside courses/’ or cylinders, whose internal diameter shall 
be exactly equal to the external diameter of the inside courses, 
said courses alternating and forming a tight fit with each other 
before any protective coating is applied to the metal. 

The conduit pipo shall be forty (40) inches in internal 
diameter of the said inside courses. The thickness of the steel 
plates for the pipe with flanged ends to be placed within the 
reservoir is to be inch. The thickness of the plates for the 
pipe at the crossings over the roadway and at the railroad will 
be 54 inches. The thickness of the plates for all the rest of 
the pipe will be 5 "^^ inches. 

The edges of each plate must be properly planed or cut to 
true lines and beveled for caulking all around; and at the end 
of each course, where the lap of the longitudinal seam occurs, 
the plate must be reduced by cold hammering or planing, or 
both, to a fine edge, through which one of the rivets^ of the 
round seam must be driven to insure tightness. In addition to 
this rivet, still another rivet must be driven through the three 
thicknesses of plate at such joints. Each plate must be rolled 
to a perfect cylinder of the required diameter. 

All rivet holes must be spaced with precision, and in 
punching the same, the punch shall be applied to the side of the 
plate which is to be placed in contact with another. In punch¬ 
ing said holes, the best and sharpest dies and punches are to be 
used, and all burrs caused by the punch on the lower side of 
the plate shall be removed by counter-sinking. 

All rivet holes are not to exceed the specified size of rivet 
by more than 1-16 of an inch, and are to be so punched that in 
assembling the several parts of a member together a rivet 1-16 
inch less in diameter than the hole, can be entered hot into any 
hole without “drifting.” Occasional variations must be cor¬ 
rected by reaming. 

Whenever possible, rivets must be driven by machines 
capable of retaining the applied pressure after the upsetting is 
completed. Rivets when driven must completely fill the hole 
and have full round heads, concentric to the rivet hole, and 
thoroughly pinch the connected members together. 

All loose or imperfectly driven rivets must be replaced by 
sound and perfect fitting ones. 

At each junction of the straight seam and the round seam 
where three thicknesses of plate come together, and in all places 
where castings of any description are to be attached to the pipe, 
special rivets of extra length must be provided and driven. 

The rivets used for attaching castings of any description to 
the pipes arid connecting together plates or courses in the field, 
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or by hand-work in the shop, shall in all cases be of the best 
<iuahty of wrought iron, and be driven in the best and most 
workmanlike manner in every respect. All provisions herein 
oontamed, relating to riveting done in the shop, shall also 

prticticublc;, to rivets driven in the field, or alonff 
the line of the conduit ^ 

All circular seams to be single riveted, and the longitudini 
seams to be double riveted, except where shown otherwise o 
c 3 etail plans. 

The pipe is to be manufactured in lengths of four or mor 
courses each, the outside and inside courses alternating wit 
c:ach other, so that each length will have an outside course on 
one end and an inside course on the other end; also in such 
xxiiinuer that the longitudinal seams will alternate to the right 
a*iul left not more than one foot from the centre line of the pipe. 

Where angles or curves occur in either the alignment or the 
:^rade of the conduit, the plates must he cut and punched to the 
retjiiired lines for forming a small olilique angle at the round 
seams of as many courses as may be needed to produce the 
^jiven total cieflectioii or curvature in each locality, and the 
courses must he put together with tlie longitudinal seams 
alternating us aforesaki. In general, the dellection angle 
ffirmeii by two consecutive courses may range from one (i) to 
five (5) degrees in horizontal or vertical jirojection, according 
to the locality; hut greater deflection angles may be made if 
or<k*re<l liy the engineer. 

Where ordered by the engineer the ends of the pipe to be 
■provided with suitable flanged rings or collars of steel or iron, 
riveted to the pipe and drilled for bolting as shown on detail 

Stiffening rings of suitaliie steel or iron shall be placed 
olKuit the pipes and securely riveted to the same where ordered 
li'y the engineer. The price for turnishing and placing the 
fl;mges and rings t{> lie paid for by the pound at the price 
>.tijiu!atcd in item (((), I’lan B. 

Openings for the manholes, branches, blow-offs, air valves, 

will be cut, and the cast iron fittings riveted on in the shop 
Ix'fote the coating is applied, 

AH riveted seams and joints of every description shall be ' 
t horoughly caulked, both on the inside and tlie outside of the 
jiipe, in the best and most workmanlike manner for lirst-class 
1 ». tiler work, %shile for the necessary distance from all lajis the 
Nfams shall be both chippcil and caulked. 'I'bc caulking of all 
f’C-ams made in tlie shop must he done before tlie coating is 
stpplieil to the pipe, and every precaution must be taken, both 
ill the shop work ami in the'field work, to insure the utmost 
®trengtli and tiglitncs.s. 
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The cost of furnishing all appliances, materials and labor• 
required for the manufacture of the pipe as aforesaid, except 
the castings and special fittings, must be included in the price 
bid per lineal foot for the conduit pipe laid in place complete, 
said price also to include the cost of riveting such castings and 
fittings to the pipe, the cost of making connection with the ends 
of the special sections and ends of the cast iron pipe at the 
engine house and at the reservoir, and all incidental work. 

During its manufacture, sample lengths of pipe, to be 
selected by the engineer as frequently as he may deem neces¬ 
sary, shall be tested before or after coating under a w^ater 
pressure equal to at least loo pounds per square inch. All 
such tests will be made at the contractor’s expense, and he 
shall furnish all the necessary appliances and labor for their 
performance to the engineer’s satisfaction. 

Coating ,—After the pipes are manufactured and the open¬ 
ings required for connections, manholes, air valves, etc., cut in 
the appropriate sections, and the stiffening rings, collars, and 
fittings, riveted in place, they are to be covered with a pro¬ 
tective coating of the material and in the manner recommended 
by Prof. A. H. Sabin of Long Island City of New York, or 
by some process equally satisfactory to the engineer. 

If the process of Prof. Sabin is used, the pipe will be 
heated to above 212 deg. Farenheit. It will then be dipped in 
the coating compound manufactured by E. Smith & Co. of New 
York, which must be heated to above 250 deg. Farenheit. 
After draining, the pipe will then be placed and kept vertically 
in a suitable baking oven with a pan under each pipe to catch 
the drip. 

The pipes must be kept in the oven at a heat of not less 
than 500 deg. Farenheit, for about four hours, until the coating 
has become hard; when cold, the pipes may then be removed 
from the oven and transported to the work. 

The heads of all rivets driven after the coating has been 
applied, or any part^ of the coating injured in shipment, must 
be thoroughly covered with “black bridge paint,” manufactured 
by E. Smith & Co. of New York, and allowed to become 
sufficiently hard before being handled or covered up. 

Manholes ,—When directed by the engineer, the contractor 
shall furnish and put in place in the steel pipe conduit, man¬ 
holes, with covers, gaskets and bolts complete. The openings 
for said manholes shall be elliptical, with clear major and 
minor diameters of not less than 16 and 14 inches respectively; 
and the joint between the.frame and cover must in all cases be 
made by truly facing or milling the abutting surfaces and inter¬ 
posing a suitable gasket of sheet copper or lead. No portion 
of the frame or cover shall project within the cylindrical cross- 
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section of the pipe, and tfae'design ^he manhole in'all its 
details shall he subject to the approv 4 l^'o| tEe engineer. 

Payments for all manholes ordered * dn‘d'pti|:|ln’;#place in 
conformity with the engineer’s directi<^|A'wiP be Ih0 

price stipulated in item (j 5 ), plan B, Mr 4w|;t|ranhole nof So 
ordered and which is put in place by the contractor at any time 
for his own convenience during the construction of the conduit 
or for making any repairs thereto, and the replacement of 
gaskets in any manhole opened for any purpose by him, will be 
at the saiti contractor’s expense. 

lyamforiaiion and Delivery. —After the steel pipe is 
manufactured and coated as specified above, it is to be trans¬ 
ported and delivered along the route of the pipe line, or on 
adjacent land, as directed by the engineer. Great care must 
be taken by the contractor in the transportation and delivery to 
prevent injury to the coating of the pipe and, special fittings 
and castings, or deformation and damage to the pipe itself. 
All damage to the coating must be made good by the contractor 
by re-coating the damaged portions in a manner satisfactory to 
the engineer* 

Any section of the pipe showing appreciable indentation 
or deformati(m may he rejected by the engineer. 

'rhe pipe is to he placed by the contractor in the trenches 
as prepared !»y the city, upon wooden blocks set by said city, 
an<l the sections of the pipe carefully riveted together. Rivets 
tojre of ftiime quality m those specified for shop riveting, and 
will lie well im<i thoroughly driven by hand. After riveting, 
the joints must lie thoroughly caulked. 

1'he sections of the pipe shall be so laid as to have the 
longitudinal scams on top. Rivet heads and all portions of the 
pipe coating injured in the laying shall be coated while in the 
trench witii the ‘‘black bridge paint,” manufactured by E. 
Smitli & Ci'K of New York, in a manner satisfactory to the 
engin«*er. 

Se/iing Valves,—Vhe city will'furnish and deliver at the 
\vork the four sets of 30-iiu valves and the cast iron connec¬ 
tions; innl the cotitractor is to connect the same with the 
flanged ends of the pipes, furnishing therefor all bolts, lead, 
labor, etc. I'he fomulation and rests for the valves and special 
cf>nnreting pipes will be furnished and sat by the city. 

d'iu* sum to be paid for placing each set of 30-10. valves 
and connecting pipes, also placing the 30-in valve and special 
castings at tlie cross-over near the Watertown T^ranch Railroad, 
and romuniing with the ends of the 40-in. riveted steel pipe is 
specified in it<*ni (n), plan B. 

Excavation of the trench, for the pipe-laying and making 
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up the joints, will be done, also all cradles and bearing blocks 
will be furnished and set by the city, in advance of the work of 
placing the pipe. Any damage done to the trench or dis¬ 
arrangement to the blocks and beapng pieces after the same 
has been dug or set, must be made good by the contractor. 
The cost of connecting the steel pipe with the cast iron pipe at 
the engine house and also the gate house of the reservoir must 
be included in the price for the steel pipe. 

The pipes and appurtenances must be kept well brushed 
out and thoroughly cleansed from all dirt or rubbish of any kind 
and the ends of the pipe and branches must be kept covered 
with suitable wooden caps. 

Testing Fife ,—As soon as practicable after the pipe is 
laid and riveted in the trench the pipe will be tested, at the 
expense of the contractor, in convenient lengths of about 2,500 
feet, to a pressure of 100 pounds per square inch. The con¬ 
tractor must furnish at his own expense such caps and plugs as 
may be necessary to close the open ends of the pipe. During 
this test all the joints shall be carefully examined and leaky 
joints caulked and made tight in a rnann^r satisfactory to the 
engineer. , The contractor to supply all needed water and 
appliances for testing at his own expense. 

If, during the test, any pipe, special fitting or casting sup¬ 
plied by the contractor, should burst or be found defective in 
any respect for any cause, the same shall be removed and be 
replaced with a sound piece, and any damage to the trench or 
property resulting from said defect or failure must be made 
good by the contractor without extra compensation. 

At the completion of the work the entire pipe line as laid 
will be inspected inside, and any material found therein must 
be removed by the contractor. 

It is to be understood that all the necessary materials, 
tools, machinery, derricks, labor, etc., necessary for manu¬ 
facture, delivery and placing of the pipes, and setting the gates 
and special castings, in the trench complete and ready for use, 
is to be furnished by the contractor. 

, The price to be paid per each lineal foot of 40-in. riveted 
steel conduit pipe furnished, manufactured, coated and placed 
in the trench and accepted by the engineer is specified in item 
(h),planB. 

Riveted Fife with Flanged Ends ,—The 40-in. riveted 
steel pipe with flanged ends will be made of sheets inch ip 
thickness, of dimensions as shown in detail drawings, and made 
under the foregoing general specifications. 

This pipe will not be placed in the reservoir by the con- 
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tractor, but will be delivered on adjacent grounds as directed 
by the engineer. 

The price to be paid for each lineal foot of 40-in. riveted 
steel pipe with flanged ends delivered on the ground, is specified 
in item (i), plan B. 

The sum to be paid for each pound of wrought iron or 
steel collars, stiffening rings, etc., classed as “special fittings/^ 
furnished, and riveted to the pipe, as directed, is specified in 
item (q), plan B. L. M. H. 


164 . SpeciflcatioD. lor Wooden Stave Pipe.— The 

following ipecification was prepared and used in California by 
one of the most experienced engineers in this kind of con¬ 
struction : 

I)im£nswn$*—tht stave pipe built under these specifica¬ 
tions ihiill have inside diameter as near m may be of 24 inches 
for the reservoir inlet pipe, and 18 inches for the independent 
connection between the outlet pipes and the Vermont avenue 
line; and shall consist of wooden staves, steel bolts, malleable 
cast saddles and metallic tongue. 

Si0ves.~Th«i staves shall be made of dear redwood, free 
from sap, which shall have been on sticks at least thirty days 
hef(u*e being milled. The finished thickness shall not be less 
in either "case than i |4 inches. The l>road sides shall be 
dressed to conform to the outside and inside radii of the pipe. 
The edges shall be dressed to the radial planes, except that a 
slight be;ul shall run along on edge of each stave. Tlie ends 
of the? staves shall he accurately sejuared and shall he slotted 
for insertion of a No. 14 metallic tongue, so as to secure the 
same position for all staves. The staves may vary in length 
from 10 to 14 feet, but not more than 10 per cent shall he less 
than t‘Z feet, and not more than 40 per cent sluill be less than 
14 feet. 

Bands*—Th^ hands shall \m homogeneous mild steel-, 
having a tensile strength of from 58,000 to 65,000 pounds to 
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the square inch, and the elastic limit shall not be less than 6o 
per cent of the tensile strength. The elongation shall not be 
less than 24 per cent in a test piece 8 inches long, and shall 
bend back upon itself cold without fracture. The section of 
the band shall be 54 inch round. The thread shall be cold 
rolled, and shall be as strong as the body of the bolt. The 
washers shall be o. ii inches thick, and the nuts shall run 
easily but not loosely on the thread. 

Saddles ,—The saddles shall be of best malleable cast iron * 
of such shape as shall leave the entire band in a plane per¬ 
pendicular to the' axis of the pipe. The strength shall be in 
excess of the bands. They shall be free from defects and 
shall fit closely upon the outside of the pipe. 

Tongues .—The tongues shall .be inches wide, and 
long enough to extend into the adjacent side staves when in 
place. 

Construction .—The pipe when laid shall conform accur¬ 
ately to the stakes of the engineer. The staves shall break 
joints, and no joints in adjacent staves shall be nearer than 24 
inches. The pipe when finished shall be round and smooth, 
both outside and in. 

The bands shall be put on at right angles to the staves. 
The seam joints shall be made tight by frequent and thorough 
cinching of the bands. The butt joints shall be made tight by 
longitudinal driving of the staves, using wooden driving bars. 

Coating .—steel rods shall be coated with Asphalt 
after the manner specified for the iron pipe. Any spots where 
the coating has become damaged, after the bands are placed 
in the pipe, shall be thoroughly painted over. The nuts, 
washers and shoes shall be similarly treated.. 

Spacing. The band spacing shall be as given in the 
following table: 
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(The pressure to be the difference between the elevatioi 
of the bottom of pipe and 493.5 feet.) 


Diameter of Pipe. 

Pressure in Feet Head. 

Distance C, to i 

18 inches 

18 inches 

18 inches 

18 inches 

24 inches 

21 inches 

25 to 80 

80 to 85 

85 to 40 

40 to 45 

25 to 80 

80 to 85 

9 inches 

8 inches 

7H inches 

7% inches 

8 inches 
inches 


Backfilling .—The contractor supplying the pipe 1 
also backfill the same to a depth of six inches over the toi 
the pipe; the material to be carefully tamped under and about 
the same. 

C’cnneclzons.—Thc pipe shall be connected up with the 
various specials as shown on the plan with oakum and lead 

A. L. A. 

166. Speoiflcations for Wrought Iron Chains. 
The following specifications for wrought iron chains are in use 
(1902) by the Pennsylvania Railroad Company. It will be 
noted that there is no specification concerning the material 
from which the chains are made, the tests of the completed 
chains being regarded as sufficient. Presumably to satisfy 
these requirements an excellent quality of wrought iron would 
be required. 

All chain will be ordered subject to inspection and test by 
the company’s inspectors before shipment. Manufacturers 
filling orders will, when they have a shipment of chain ready, 
so advise the general superintendent of motive power. They 
will be required to furnish suitable testing machines, and such 
assistance as will enable the inspectors to properly determine 
whether the chain meets the requirements, and must be pre¬ 
pared to ship in the presence of the inspectors. 

All chain will be proof tested to the strains shown in the 
table below, which it must stand without deformation, and in 
addition one short length of not less than two (2) feet for each 
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two hundred (200) feet presented, shall be tested to destruc¬ 
tion, and the two hundred (200) feet will be rejected if the test’ 
length falls below the figures given for breaking weight and 
elongation. On orders calling for less than two hundred (200) 
feet, one length will be tested to destruction. When chain is/ 
ordered in lengths complete, with links, hooks, ^tc.,, welded 
on, as used on cars or for cranes, the long links, hooks and eye 
bolts must be included in the proof test, such lengths may be 
chained together by temporary shackles during the test. One 
per cent of the chain thus presented for test must be measured 
arid weighed to determine the weight per foot of chain, not 
including long links and hooks. If it should be impossible ta 
determine weight of chaifi with long links and hooks attached, 
the long links must be cut and afterwards replaced in the 
presence of the inspector before shipment, but with care this 
cutting may generally be avoided. 

All chain must be smooth, free from the appearance of 
burnt welds, crocks or overlaps, and must have a workmanlike 
finish. Any chain defective in these respects will be rejected. 
Chain must not be less than the nominal size in the body or 
welds. Any chain found defective after shipment, will b^ 
returned without freight charges. Chain weighing in excess o£ 
the limits of weight shown in the table below, will be paid for 
at that weight. 

The company's drawing of “Standard Chain Links" No. 
13124 and detail drawings of “Standard Chains" will form? 
part of these specifications. Drawing No. 13124 gives the 
desired dimensions of links, and if the length of 100 links in 
any of the crane chains is greater than shown, by as much as 
one per cent., the same will be rejected. In the case of the 
3^2 inch and inch chains, as ,much as ten per cent excess 
length of link will be allowed. For the remaining chains this, 
limit will be two per cent. To determine the length, a piece 
of chain containing 100 links whenever practicable will be 
selected, and the distance from inside end to inside end of end 
links measured, this measurement will be taken while the chain 
is in test machine for proof test, with no more than ten (10) 
pe^ cent of the proof load on to take up the slack. If the 
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length of chains ordered will not contain lOO links, then 50, 25 
or 10 links may be measured. The highest practicable number 
should however always be selected. 

The main requirements of the specifications are given in 
the following table i 


I 

s 

1 

S25 

1‘i 

a 

Description. 

Specifications* 

Maximum Length 
of m Links. 
Inches. 

Weight Per Foot. 
Pounds. 

Proof Test. 
Pounds, 

•a 

■0 j: 
Es| 

r 

hi 

pq 

*1 

i 
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0 
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1 
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Twisted Chain. 

_ 108.1 

O.xo 1 . 1 . 

... 
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8-16 

. 

Twisted Chain. 


0.85 1.. 1. 

..t: 
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Perfection Twisted Chain. 

15LS6 
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% 

Strai|E(ht Link Chain. | 

102.0 

0.70 

1,500 I 

^ 8,000 

10 

4 

6-16 

Straifjht Link Chain. | 

114.7 

i.io 

8,000 

' 5,600 


5 

H 

Straight Link Chain. 

1U.7 

1.50 

8,500 1 

7,000 

10 

6 

r u ” 1 

Crane Chain, | 

Ilf).6 

1.50 

4,000 1 

7,500 

10 


1 7-16 i 

Straight Link Chain, | 

127.6 

1 90 

6,000 1 

9,500 

1 10 


1 : 

Crane Chain. ( 

126.1) 

1,90 

b,m 

^^10,000 

fto^ 

9 

1 

, Straight Urile Chain. | 

158.0 

2.50 

r,(H)o 1 

12,500 

10 ' 



Crane Chain. | 

188.9 

2.50 
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18,000 
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li 

1 

Straight Link Chain, | 

178.6 
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11,000 [ 
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12 
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1 Trane Chain. f 
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11,000 1 
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10 
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16,000 1 

29,000 


u 

H 

1 Crane Chain, | 

202.0 

5.60 

16.000 1 29.000 
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Crane Chain. | 


7.40 

2L00() ( 

40.000 1 

10 


1 

Crane Chain, | 


0.50 

80,000 1 

56, 1 

“16" 

17 

m 

Crane Chain. | 

808.0 

12.00 

40,000 ! 

60.000 

yiir 

18 1 lf4 

Crane Chain. | 

"868.6 

15.00 . 

50,000 1 

82,000 

' lo' 

19 

IJsJ 

1 Crane Chain. | 

4117(1 


70,000 t 

110,0(K) i 

... 


F. R. rT 


167* SpecijQcatlon for the Material and Work¬ 
manship of a Steel Stand-Pipe. —The following specifica¬ 
tion for the material and workmanship suitable for a steel 
water tower or stand-pipe have been prepared by Mr. Wm. 
D. Pence, after a very long and cai'eful investigation of the 
numerous failures which have occurred in such structures and 
also of the materials and workmanship suitable and necessary 
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for this kind of work. The specification inckdes? a phosphorus 
limit of o.o6 of one per cent., whereas those given in .articles 
154 and 156 allowed an upper limit of o-oS of one per cent. 
There is no question but that a limit of from 0.06 to 0.08 of 
one per cent., is necessary in order to exclude high phosphorus 
steels which are of necessity brittle. The author heartily com¬ 
mends these specifications, not only for the purpose named, 
but for all similar kinds of work. 

MateriaL The metal composing the stand-pipe than 
be soft, open-hearth steel, containing not more than 0.06 per 
cent phosphorus, and having an ultimate tensile strength of 
not less than 54,000 nor more than 6a,<x>0 pounds per square 
inch, an elastic limit not less than one half the ultimate 
strength, an elongation of not less than 26 per cent, in eight 
inches and a reduction of area of not less than 50 per cent, at 
fracture, which shall he silky in character. Before or after 
being heated to a cherry red and quenched in water at F., 
the steel shall admit of bending while cold, flat upon itself, 
without sign of fracture on the outside of the bent portion. 

Test Pieces. All test samples shall be cut from finished 
material. Tensile test pieces to be at least 16 inches long, and 
to have for a length of 8 inches a uniform pliincd-edged sec¬ 
tional area of at least square inch, the width in no* case to be 
less than the thickness of the piece. Bending test pieces to be 
12 inches long, and to have a width of not less than four times 
the thjpkness, with edges filed smooth. 

Number of 7 ^ests. For the purpose of identification the 
number of the melt or heat of steel shall be stamped on each 
plate produced therefrom. At least one full scries of tests, 
both chemical and physical, as above specified, uliiiil lie made 
of each melt, and such additional tests may lie made as, in the 
judgment of the inspector, seem essential for corroborative pur¬ 
poses under varying conditions or methods of treatment of the 
metal. 

Finish of MateriaL All plates must be free from laini- 
nations and surface defects, and shall be rolletl truly to the 
specified thicknesses. 

Facilities for Testing. Complete facilities for the tests 
and inspections shall be provided by the contracltir, as required. 

Inspector. Material will be inspected at the mill by 
(name of a trustworthy testing concern equipped to make both 
chemical and physical tests) or such other party as may be 
approved by the engineer. 

Additional Test Pieces. If required by the engineer, the 
contractor will provide four certified samples of each thickness 
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of plate used in the work, these samples to be 2 inches wide 
and 16 inches long. 

Workmanship, All workmanship must be first-class in 
every particular. 

Working Steel. The plates and angles shall be shaped to 
the proper curvature by cold rolling. No heating and hammering 
shall be allowed for straightening or curving, or for other 
purposes.* 

Punching, The work shall be carefully and accurately laid 
out in the shop, and the rivet holes punched wdth a center punch, 
sharp and in perfect order, from the surface to be in contact. 
The diameter of the punch shall not exceed that of the rivet by 
more than 1-16 inch, and the diameter of the die shall in no case 
exceed that of the punch by more than 1-16 inch. Rivet hole^ 
in plates having a thickness of ^ inch, and over shall either be 
drilled or if punched, shall be reamed not less than inch larger 
than the die sides of the holes, and sharp edges shall be trimmed. 

Beveling,^ etc. All calking edges shall be planed to a 
proper bevel. All parts must be adjusted to a perfect fit, and 
properly marked before leaving the shop. 

Brection, In assembling the work, the rivet holes shall 
match so that hot rivets may be inserted without the use of a 
hammer. Drifting is prohibited. Eccentric holes, if any, 
must be reamed, and if required, larger-sized rivets shall be 
used in such holes. 1 

Rivets and Riveting, The best grade of soft charcoal iron 
rivets to be had in the market shall be used. Sufficient stock 
must be provided in the rivets to completely fill the holes and 
make a full head. The rivets shall be driven at such a heat as 
will admit of their being finished in good form with a button set 
before the rivet has cooled to a critical point. As often as may 
be deemed advisable for the purpose of testing the work, rivets 
shall be cut out at the direction of the inspector. The quality 
of the rivet metal and of the workmanship shall be such that the 
fracture of the rivet so removed at random shall show, a good, 
tough, fibrous structure without any crystalline appearance, and 
there shall be no evidence of brittleness. Loose rivets must be 
promptly replaced, no rivet calking being permitted. 

Calking, All seams must be calked thoroughly tight with 
a round-nosed calking tool by workmen of acceptable skill. 
Great care must be taken not to injure the under plate. 

Rejections, Defective material and workmanship may be 
rejected at any stage of the work, and must be properly replaced 
by the contractor as directed. 

*If lap riveting' is used, omit the expression “or for other purposes,” and insert the 
following sentence: “No scarfing shall be done at a temperature below that of igni¬ 
tion of a hard-wood hammer handle, and no work shall be done upon the steel between 
such temperature and that of boiling water,” 
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Final Tests* After completion the worK shall be tested 
by filling the stand-pipe with water, and the leaks, if any, 
shall be promptly and thoroughly calked* The stand-pipe 
must be water-tight before acceptance. 

Superintendence. All inspections shall be made under 
the direction of the engineer who shall have general supervi¬ 
sion of the work. W. D* P* 


MISCELLANEOUS SPEOIPIOATIONS. 

168. Specifications for Pile and Trestle Bridging. 
The following specifications for pile foundations and timber 
trestles are those used by the Union Pacific Railway Co. These 
specifications may, however, serve as a standard for all kinds 
of pile foundations, and for the selection of large timbers foi: 
engineering structures. The formula for obtiiining the safe 
bearing resistance of pile foundations is that generally known 
as the “Engineering News formula/^ 

All piles to be made from straight, sound, live timber, free 
from cracks, shakes and rotten knots, cut from the following 
kinds of timber; White Oak, Burr Oak, Red or Yellow 
Oregon Fir. They must be so straight that a straight line 
taken in any direction from the center of each end of the pile, 
and run the length of it, shall show that the pile is at no point 
over one-eighth of its diameter at such point out of a straight 
line. They must show an even, gradual taper from end to 
end. Ends must be cut square, all bark taken off, hranchei 
and knots trimmed off smooth, finishing the pile in a workman¬ 
like manner. They must not be less than fourteen (l|) inches 
in diameter at the narrowest point of measurement of butt or 
large end, nor less than ten (lo) inches in diameter at narrow¬ 
est point of measurement of point or small end, and iit no part 
more than seventeen (17) inches in diameter. 

All piles must he properly sharpened before driving. They 

must be driven until they wiifearry a safe working load of-- 

pounds, computed by the following formula: 

zwh 

^“~s+r 

In which L—Safe load in pounds. 

w—Weight of hammer in pounc^ 
h"Fall of hammer in feet. 
swwLast penetration in inches. 
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They will be estimated and paid for by the lineal foot. i. 
As delivered at the site of the structure, according to bills 
furnished by the engineer. 2. For driving, straightening and 
cutting oft ready for the caps, and only the length actually left 
standing in the structure to be paid for. 

All timbei's must be of the exact dimensions given and 
figured on the plans, to be cut from sound, live timber, free 
from loose or rotten knots, worm holes, wind shakes or splits; 
reasonably well seasoned, straight grained, square edged, and 
free from any and every defect calculated to impair its strength 
and durability. It will be estimated and paid for in the work by 
the thousand feet, board measure. The following kinds of 
timber will be accepted: 

All bridge ties will be White or Burr Oak, Oregon Red or 
Yellow Fir, Tamarack, or Yellow Fine. 

All track stringers and guard timbers will be Oregon Fir 
or Yellow Pine, of the long leaved, southern hard pine variety. 

All posts, caps, sills, bracing and end plank will be White 
or Burr Oak, Red or Yellow Oregon Fir, White or Yellow 
Pine, or Tamarack. 

All wrought iron must be of the best quality of refined 
iron, tough, ductile, and capable of standing a tensile strain of 
fifty thousand (50,000) pounds per square inch of sectional 
area. The manufacture of the bolts must be perfect in every 
respect, and have nuts and screws of the United States standard 
dimensions, length of thread to be not less than three inches. 

All washers and spacing blocks, etc., must be well manu¬ 
factured of good gray iron and to the exact dimensions shown 
on the drawing. The cost of placing all bolts, spikes, and 
washers in the structure will be included in the price paid for 
framing and erecting the timber. 

All bridge ties will be furnished and placed in the bridges 
by the contractor. 

The surface of the ties must be brought to a true plane under 
the rail, so that the rail will get a full bearing on every tie. 

All of the track stringers shall be brought to a true plane, 
so that ties will get an even liearing on all the stringers. 

Where any timber or pile trestle bridge is built on a curve, 
the blocking for elevating the outer rail, or other means for 
elevating it, will be as per drawings for the same, a copy of 
which will be furnislicd from tlie olfice of the chief engineer. 

The culverts will be put in place and finished ahead of the 
grading, so that it will not interfere with or detain the grading, 
in any way. 

Bridging shall begin when directed by the engineer, 
and progress at a rate sufficiently rapid to keep out of the way 
of the tracklayers. 
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When directed by the engineer drain pipes will be used 
instead of culverts; they will be of cast iron or vitrified terra 
cotta; this will be carefully bedded and jointed and of such size 
as may be directed by the engineer. 

All framing shall be accurately fitted; no blocking or shim¬ 
ming will be allowed in making joints; the holes for the bolts 
shall be bored with an auger of the exact size of the bolts. The 
nuts on all bolts shall be screwed so the washers shall pinch 
hard upon the wood and bring all the parts of the stiucture 
close together. 

On completion pick up and remove all rubbish from the 
premises. 

All material will be inspected on the above specifications, 
at points of shipment or destination as agreed, and the owners 
required to remove all rejected material from the company’s 
premises within thirty (30) days from the date of notice to do 
so. The company after that time will not be responsible for 
the return or safe keeping of the same. 

When from any cause bridge materials are unloaded from 
cars at material yards or end of track, it shall be reloaded by 
the contractor at his own expense. U, P. R’y. 

169. Specifications for the Steam Plant of a 
Small Electric Light Station. The following specifica¬ 
tion for the steam plant of a small electric light station includes 
specifications for the engine and its attachments, feed water 
heater, boiler feed-pumps, boilers, furnace, stack and pipe con¬ 
nections. While not especially elaborate, they have been pre¬ 
pared by a mechanical engineer of large experience in this 
field of practice. They are given here, however, not for the 
purpose of being copied, but simply as an illustration of such a 
specification. The reader will note that three kinds of engines 
have been provided for, and that large liberty is retained by the 
engineer in the selection of the engine from those submitted for 
competition in the bids. A particular feed water heater was 
here specified, because it was thought to be best suited for the 
kind of water which was to be used, the advantage of this 





SPECIFICATIONS POE STEAM PLANT. 


247 


heater being that it largely removes the scale from hard water 
before it enters the boiler: 

engine. 

Type: There will be one engine, of the High Speed Auto- 
matic pattern; cylinders inches or ii inches diameter* 

capable of operating continuously at 600 feet piston speed per 
minute, without undue heating. f r* 

Regulation: The automatic governor must permit a cut- 
otf as late as % ; and must be so adjusted, that the difference in 
speed, when running with 100 pounds initial pressure and no 
load, as compared with 75 pounds initial pressure and cut-off lA 
shall not exceed a guaranteed amount to be stated by bidder- 
with a correspondingly less variation inside of the limits named’ 

1 he regulator must be so constructed, as to permit this guar- 
anteed regulation to be easily maintained, without racing 

Fixtures and Fittings: Standard cast iron sub-base, and 
two heavy driving pulleys, of such diameter and face as may be 
required to suit dynamo pulleys; a full set of foundation bolts 
nuts, and plates; template for foundation; throttle and drain 
valves; cylinder lubricators, automatic oil cups, wrenches, indi¬ 
cator motion, etc.; and two one-inch relief valves set at no 
pounds pressure. 

Dimensions: State diameter and material of shaft and 
crank pm, and submit drawing or blue print indicating clearly 
size of cylinders, speed, diameter of pipe openings, space occu¬ 
pied, and dimensions of foundations. 

Corliss Engine; Bids will also be considered under the 
same conditions on a Corliss engine; 11 inches diameter of 
cylinder, shaft 6 inches; flywheel and frame extra heavy; speed 
100. Regulation to be guaranteed. ^ 

Direct Connected Engines: This type will also be con¬ 
sidered, together with suitable dynamo. High speed. Vertical 
or horizontal. Compound or single expansion. Full details 
must accompany proposals. 

Belting: Double thickness, eyen and pliable, equivalent 
in strength and adhesiveness to the Shultz Leather Belting. Of 
selected stock, stretched twice before being made into belts 
No shoulders or flank leather to be used. Its tensile strength 
must not be less than 3200 lbs. per square inch of section, and 
must not be worked beyond 65 lbs. per inch of width. The 
belt will be thoroughly stretched again after making, and before 
shipment. 

FEED WATER HEATER. 

One No. 5 Hoppes exhaust steam feed water heater and 
purifier capable of heating 3,000 pounds of water per hour to 
the h'ghest point attainable, without back pressure on the 
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engine. To have steel shell, oil extractor and trap; crane for 
removing head; automatic water regulator and openings for 
water and steam as required. 

BOILER FEED PUMPS. 

One Worthington Duplex pump, 5J^x3J^x5, water ends to 
have packed pist ons. Piston rods, water cylinder linings and 
water pistons to be of gun metal. Valves suitable for hot 
water; complete with a full set of oil cups and wrenches. 

BOILERS. 

To be two in number as follows: 

Dimensions: Fifty-four inches dianieter, eighteen feet 
long; thickness of shells, five sixteenths; heads, seven six¬ 
teenths, to have half smoke-box extension, bolted on, sixteen 
inches in length. 

Material: Park Bros.’ Open Hearth Homogenous flange 
steel of 60,000 pounds tensile strength. All plates to be stamped 
with name of maker, quality and tensile strength. 

Construction: The heads are to be machine flanged, to 
have an easy radius; and amply braced, with braces of best 
refined iron, uniformly distributed, so that each brace will carry 
its full share of strain. Before beginning construction a plan of 
the bracing proposed must be submitted to the engineer for 
approval. 

Tubes: Thirty-eight—4 inches in diameter, 18 feet long, 
of lap welded, charcoal iron; carefully and properly expanded 
ind beaded over. 

Dome: Thirty inches diameter, thirty inches high. To 
be of same material as shell; well braced and double riveted. 

Seams: There will be one longitudinal, double riveted 
seam, in each sheet, well removed from the fire. Other riveting 
single. The make, size and spacing of rivets shall be in 
accordance with the best modern engineering practice. 

Supports: There will be two extra heavy cast iron lugs 
for each side; each 4J4 feet from end of the boiler. The for¬ 
ward lugs to rest directly on cast iron plates 12 inches square, 
supported by the masonry. The rear lugs will rest upon 9 one- 
inch rollers, which in turn will rest upon 12x12 plates. 

Stack: Of sheet steel, No. 12 gauge in thickness, diame¬ 
ter 32 inches, height 50 feet. Lower end Y shaped to fit stack 
plates. Furnish sufficient ^ inch galvanized iron guy wire to 
make two complete sets of guys. Support stack underneath Y 
to brick work or floor. 

Fittings: One 5-inch chime whistle; one soot sucker, 
complete, with hose and handle; one flue scraper; one steel 
barrow; complete set of firing tools, consisting of shovel hoe, 
slice-bar, and poker; 2 eight-inch steam gauges; 2 one and one- 
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quarter inch combination water columns, with gauge cocks, and 
water glasses; two 4-inch safety valves, with levers marked to 
150 pounds pressure; 2-inch check, stop and blow-off valves. 

Castings: Two square top, full flush fronts of approved 
ornamental design, with tight fitting doors, and anchor rods 
extending the entire length of brick work; six q-foot binding bars 
with cross and archor rods; soot door and frame; stack plate 
and damper. Cast iron skeleton frames suitable for standard 
sizes of fire brick, to be used in place of back plates. Rocking 
grates will be furnished and erected by the city. 

Openings. The man hole in front head under tubes, and 
one in shell back of dome, both properly reinforced, and pro¬ 
vided with heads, arches and bolts complete; two 1% inch 
openings for water column; one 2-inch for feed and blow off 
pipe; one 4-inch main steam outlet, and one 4-inch for safety 
valve; all to be properly reinforced and located as directed by 
the engineer. ^ 

Inspection and Insurance. Before shipment the boilers 
will be tested arid made tight under a water pressure of 150 
pounds. Certificate of inspection and insurance policy in the 
Hartford Steam Boiler Inspection and Insurance Company, for 
the sum of $500, for one year must be furnished, for each 
boiler. 

FOUNDATIONS AND BRICK WORK. 

(See Drawing.) 

The dimensions of foundations for engine, boilers, heaters, 
pumps, and brick work for furnaces, will be clearly shown in 
drawings, which must be accurately followed. 

Foundations: All are to be of concrete composed of one 
part best domestic cement, three parts of clean, sharp sand, and 
five parts clean, broken stone of sizes that will pass through a 
2j4 inch ring; all to be thoroughly mixed, laid quickly, and 
rammed down solid- 

Excavations: As i^er drawing. Remove promptly all 
earth and other debris. Bottom to be level, and rammed if 

necessary- 

Iron Work: All bolts and plates for engines and dynamos 
must be put thoroughly and permanently into position by the 
contractor* Outside of each bolt place a piece of 2-mch iron 
pipe, so as to permit some adjustment of the bolts* 

Stones: Foundations for heater, and boiler feed 
pumps will project somewhat above floor line. Each of these 
will be surmounted by a neatly cut cap stone, 8 inches thick 
and of proper dimensions* 

Boiler B'urnaces: To be of well burned red brick, thor¬ 
oughly wetted before laying; all joints flushed solid; all courses 
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level and straight. Every sixth course both inside and outside 
to be a header. Brick to be laid in mortar composed of one 
part lime to five parts of sharp sand. Build into side and rear 
walls a i-inch air space, which shall be air tight; except imme¬ 
diately under the supporting lugs of boilers, where the walls 
shall be carried up solid. 

Fire Brick Lining: The entire inside of the furnace 
where exposed to flame, will be lined with A No. i hard burned 
fire brick, laid in dry milled fire clay, with very thin joints, 
flushed full; headers every sixth course. Use the following 
special fire brick “Angle B,” to form the top and front comer 
(rf same, use the “4^ to give the batter on front of bridge wall: 
at top and bottom. Jamb,” also for the inner corners of clean¬ 
ing out doors openings. Front of bridge all headers. 

Closing In Tile: For the sides of furnace, use fire brick 
tile 6x12x2 ; and for the rear above tubes lay ordinary fire 

brick special skeleton arch frame. 

Iron Work: Place in position all cleaning out doors, cast 

iron plates and anchor rods. 

PIPE CONNECTIONS. 

To be as per drawing, which will be furnished. 

Steam: Four inches from boiler to 6-inch header leading 
to engine room, where it will reduce to size required by eiigine, 
thence to engine proper size, through a Hine separator suitably 
drained. Leave , Tee having plugged outlets for additional 
engine and water works pump. 

Exhaust: Four inches from engine to main line; thence 
6 inches through heater to 5 feet above roof. Leave plugged 
inlet Tee for additional engine and pump. 

Drains: Both the steam and exhaust pipes are to have 
suitable drains of ample size wherever there is_ any possibility 
of water accumulating. Run these drains outside of building. 

Small Fifing: Feed, blow-off and steam and exhaust 
pipes for boiler feed pumps to be as per details shown in draw- 
insf. 

Fittings: Of the best construction, with threads true and 
clean. Use in all cases what is known as “water” or “sweep” 
ells and fittings, having extra long radii for curves. 

Valves: Of the Jenkin Brothers, or asbestos disk pat¬ 
tern. Use gate and angle valves in preference to globe. When 
globe valves are used they must be so placed as not to form 

water pockets. , , . i. 

Sufforts: All pipe work to be well supported in such a 
way as to bring no unusual strain on the pipe or fittings; either 

from their weight, or from expansion or contraction. 

Covering: All live steam pipes, domes and top 01 boilers 
to be covered with a high grade non-conducting material, such 
as magnesia ectional. 
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In General: The arrangement of the pipe work must be 
such as to provide for all differential strains arising from expan¬ 
sion and contraction. The work to be of the best and most 
thorough possible. The steam pipe will be tested to 150 
pounds. VV. H. B. 

100, Specifications for Leather Driving Belts. 
The following specifications for large leather belts were 
prepared for the large water power electric plant at Austin, 
Texas, in 1894. It is thought they conform to the latest and best 
practice in the manufacture of leather belting. 

There are to be six main driving belts and seven belts to 
drive dynamos, of dimensions as hereinafter scheduled. 

These belts are to be of leather made from the best selected, 
large steer hides, of pure oak-bark tannage. The cuts are to 
be taken from the centre solid portions of the hides, and are 
not to include shoulders, flank or soft parts of the hides. Each 
piece is to be of fine, close fibres and all pieces are to be scarf¬ 
ed to a uniform thickness. No piece taken from one hide is to 
exceed a net length of fifty inches. 

J he individual pieces of tlic leather are to be thoroughly 
stretched after currying and again machine tested and the utmost 
stietch, within elastic limits, given to the belts when they have 
been made up complete. 

I he transverse lap joints are not to exceed four inches in 
longitudinal length, are to be scarfed in the best manner, thor¬ 
oughly cemented and are to be ma<le fast and durable without 
the use of pegs or rivets. All belt edges are to be properly 
rounded. 

All belts are to be thoroughly water-proofed. 

The complete belts are to be soft, pliable, and finished with 
smooth polished surfaces. 

The belts of thirty-eight inch width are to be of double 
thickness. 1 he outer face pieces are each to be in a single 
width, with centre conforming to the back-lione centre of the 
hide. The inner, or running face pieces of the thirty-eight 
inch belts are to be n nctecn inches in net width anti to have 
OTC and one-half itich scarfed and lapiied longitudinal joints. 
One edge of each half-width will lie cut along the back-bone 
centre of the hide and in the makeup of the belt, these inside 
half widths are to lie placed with the back-bone edges at the 
outer edges of the belt. These seam sides of the thirty-eight 
inch belts are to he run next the pulleys. 

A .11 the remaining belts arc to be of double thickness in 
single width pieces, with centres of each piece conforming to 
the back-bone centres of the hide. The belts are to be finished 
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with uniform thicknesses respectively not less than as follows 
for each stated width: 

28 

38 inches width of not less than inches thickness* 

64 

OK it it ti « << ** 

25 

od. « « << 26 II 

’64 

Id. <1 24 <1 11 


n ti a it €t a 

64 


n it it a u 22 II II 

64 

The speeds of the belts will be at rates of about 5,000 
lineal feet per minute. 

All these belts are to be transported to the power house 
now being constructed by the Board of Public Works of Aus¬ 
tin, Texas, in Austin, and are to be placed upon the pulleys in 
the power house and spliced and cemented in place. 

The hides and manufacture, finish and fitting of the belts 
are to be first-class in every respect and the belts are to be 
guaranteed to run smoothly and straight upon the pulleys and 
to work successfully for the space of one year from the time of 
the starting up of the power house for regular work. 

If any defect tending to impair the usefulness or life of any 
belt supplied under this specification, shall develop within one 
year that belt shall at once be made good by the manufacturer 
or replaced by a belt conforming with this s;^ecification. 

Proposals for these belts, as fitted in place ready for the 
starting of the machines, are to be delivered to the Hon. John 
McDonald, Mayor, and President of the Board of Public Works, 
Austin, Texas, on or before the 8th day of December, 1894, 
and all belts are to be delivered and fitted in place ready for 
use within six weeks of the date of the order for their manufac¬ 
ture and delivery. 

The Board of Public Works reserves the right to reject any 
and all proposals as may be for the best interest of the City of 
Austin. 

Blue-prints showing relative positions of the pulleys and 
inclinations of the belts are submitted herewith. 
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SCHEDULE OF BELTS. 
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161 . Specifications for Pumps to be Operated by 
Water Power. The following specification was prepared 
for the city of Austin, Texas, in 1892, for the construction of 
two pumps for a city water supply to be driven by water power 
machinery. 

Pumps. —There are to be two pairs of horizontal, double- 
acting, plunger pumps, having two pump cylinders to each 
pair. Each pair of pumps is to have capacity to deliver four 
million gallons, of water per 24 hours. 

The dimensions of plunger will be approximately as 
follows; 1 % foot diameter, foot stroke, with 25 revo¬ 
lutions per minute; the plunger speed not to exceed a mean 
rate of 137J4 feet per minute when pumping water at the 
rate of four million gallons per twenty-four hours. 

These pumps are to be adapted for pumping to a reservoir 
and also for pumping directly into the city distribution pipes 
with direct pressure, the pump house being located between the 
reservoir and the city. The static head of the reservoir is 245 
feet and the dynamic head approximately 265 feet and the force 
main to the reservoir is 7,600 feet in length, of 24 inch pipe. 

These pumps are to receive motion from vertical turbine 
shafts having beveled gears which drive a jack shaft. On the 
jack shaft is to be a spur pinion, which will drive a spur 
mortise gear on the main pump shaft. On each end of the 
main shafts are to be balanced crank disks, which will drive 
the pumps. 
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The receiving and delivery chambers are to.be ample in 
dimensions, and are to have nests of valves of the best bronze 
composition of approximately 3 inches diameter, and sufficient 
in number so that the valves shall not lift more than 54 inches 
each when the rate of delivery of the pumps is at four million 
gallons per day. The pump chambers will be well provided 
with hand-holes that will give easy access to each of the valves. 

The water supply for each pair of pumps is to be taken 
from a 30 inch branch in the horizontal p^stock in the base¬ 
ment beneath the pump room floor. The necessary admission 
and discharge pipes, of ample size and easy curves, and a tall 
air vessel for each pair of pumps are to be provided. The 
force mains will be connected with the force mains leading to 
the reservoir, on the outside of the pump house wall, and not 
exceeding 10 feet distance from the face of the wall. 

The pump cylinders will be connected with the main and 
jack shaft pillow blocks by continuous, heavy cast-iron girders, 
adapted to carry the bearings and the strains of the connecting 
rods without tremble or elasticity. 

The main and jack shafts are to be of the best wrought 
iron forgings turned to the diameters indicated upon the draw¬ 
ings, and bossed up to receive the gears. The large gears, of 
both the spur and bevel pairs, wull be mortise gears with their 
mortises planed, and having thoroughly seasoned, machine cut, 
smooth maple cogs, fitted and keyed in the most rigid manner. 
The cogs are to be thoroughly boiled in oil. 

Each spur opinion is to be machine moulded, with teeth 
planed on both sides to. match and run with mortise gears. 
Both gears and pinions are to be bored to fit their respective 
shafts and to be keyed in place. The pinions are to be feather 
keyed on the jack shaft and fitted with approved screw motion 
to move them out or into gear and to hold them where placed. 

The jack shafts are to be not less than inches, and the 
main shafts not less than nine inches diameter in the bearings. 

The two jack shafts are to have tneir axes precisely in line 
and are to have a connecting shaft fitted with couplings, bear¬ 
ings and distance plates as directed. 

All bearings are to be babbeted and bored out, of ample 
lenght to insure moderate wear and easy lubrication, and are to 
be fitted with oil cups. 

The cranks will be in balanced disk forms and fitted with 
mild steel pins. The connecting rods will be of the best 
wrought iron, and fitted with brasses, steel straps and adjusting 
keys and babbeted friction bearings. The cross heads will be 
of forged iron approved model with steel wrist pins. The 
guides will be rigidly bolted to the girders and adjustable to 
wear. The plunger rod and plunger stuffing box glands, the 
valves and all interior bolts and nuts will be of the best solid 
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standard bronze metaL The plunger stuffing box will be 
packed with the best quality of “Seldon'' or other approved 
packing. The crank disks, connecting rods, straps and cross¬ 
heads are to have polished, surfaces. 

All bearings and wrist pin brasses are to be fitted with the 
best oil cups and with proper drip pockets, and drip pipes are 
to be provided where required. 

There is to be furnished and connected with each pair of 
pumps one 8 inch water pressure gauge, indicating the column 
of water in both feet head and pounds pressure. There will be 
a good approved revolution counter fitted to each pair of 
pumps as directed by the engineer. There will be a long 
Scotch tube water glass with proper cocks on each air vessel. 

The general plan of the power house shows the position of 
these pumps, the method of connecting their power, and the 
positions of their suction and delivery pipes. 

Full detail drawings of the pumps and their appendages 
are to be delivered to the consulting engineer and are to be 
subject, in all respects to his approval- J. T- F* 

162 - Specification for a Pump Well. The following 

specification describes a good method of sinking a well from 20 
to 50 feet in diameter and to a depth not usually exceeding 50 
to 60 feet. Such w'ells are usually sunk tlirough water-bearing 
strata, where an open cut would have to be supported by some 
kind of curbing and this curbing may as well be the masonry 
well curb itself. In this case it is necessary to rest this masonry 
upon a shoe which may he made either of wood or iron. In 
the former case an iron cutting edge should l)e [provided. It is 
also l)est to reduce the external diameter of the masonry curb a 
short distance above the shoe in order to prevent the whole 
mass from sticking in the process of sinking by its becoming 
tightly l)Ound by the surrounding earth. It is necessary to 
anchor the lower portion of the masonry curb to the shoe by 
means of iron bolts, as indicated in these specifications. 

Pmnp WeiL —The ptimp well shall be constructed within 
lines to be given by the I'higineer, and will consist of a l)rick 
curb, laid in cement mortar, on an oak slice provided with an 
angle iron ring bolted to the under side of shoe flush with its 
outer periphery. 

S/zae ,—The shoe shall be in three rings of unseasoned oak, 
three inches thick, made up in segments, the segments to be a 
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true arc upon the outer periphery • and bolted together with 
seven eigths (^) inch bolts and wrought iron washers to break 
joint as shown in drawing marked “Section and Details Pump 
Well,’’ on file in the office of the Water Works Committee. 
The width of the shoe shall be twenty-two (22) inches, and 
when bolted up shall measure nine (9) inches in depth or 
thickness. The ring shall be of 4x4 inch angle iron five eighths 
(^) inch thick weighing 16.2 pounds per foot, twenty-one 
(21) feet external diameter, with two fishplates eighteen (18) 
inches long at each joint, riveted on hot, with four (4) three 
quarter (^) rivets staggered, each side of joint; the heads of 
rivets to be countersunk and finished flush on outside of angle 
iron ring and shall be attached to the oak shoe with sixty (60) 
seven eighths (^) bolts, placed about one (i) foot and one 
(i) inch, center to center, on a circle twenty (20) feet, seven 
and one half (7J^) inches diameter,. These bolts shall have 
forged square heads and nuts and wrought iron washers. The 
oak shoe shall have a diameter of twenty-one (21) feet. 

Curb ,—The curb shall be of select hard burned front or 
paving brick, straight, sound and solid, when broken. No 
over burned or salmon brick will be accepted, and the brick 
shall be laid on the oak shoe in courses; in full beds of cement 
mortar, consisting of one part Louisville [fresh burned] cement 
to 2 parts of clean sharp sand which shall be mixed only as fast 
as used by the masons. No cement mortar which has had an 
over dose of water or sand, or which has besjun to set in the 
mortar box shall be used, but all such must be thrown aside. 
The bricks shall be free from dust and wet with a sprinkling 
hose or can, or be dipped by the mason in clean water before 
being placed in the curb and all joints shall be slushed with 
mortar pressed in with the trowel, as rapidly as the courses of 
brick w^ork are laid up. No grouting will be allowed.* 

The outer and inner faces of the curb shall be laid in true 
circles of the dimensions showri by the drawing above men¬ 
tioned, and shall have at the bottom (or on the shoe) an exter¬ 
nal diameter of twenty (20) feet ten (10) inches, and an 
internal diameter of seventeen (17) feet four (4) inches, these 
dimensions for a height of two (2) feet six (6) inches, when 
the internal diameter shall be contracted by a gradual racking 
inward of the courses to a height of four (4) feet above the 
shoe, where the internal diameter shall be sixteen (16) feet 
eight (8) inches. 

From a depth or height of four (4) feet above the shoe to 
the top of well the internal diameter shall be eighteen (18) 
feet, and the external diameter shall be twenty (20) feet ten 
(10) inches from the shoe to the top of well, the thickness of 
wall at the bottom or on the shoe, and for two and one half 

* The author would prefer the grouting- to the slushing with mortar, as better cal¬ 
culated to obtain perfectly solid joints. 
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(2}4) feet above, shall be twenty-one (21) inches, four (4) 
feet above the shoe the thickness shall be twenty-five (25) 
inches, and for the remainder of heighth or depth, the thickness 
shall be seventeen (17) inches. 

The bricks shall be laid stretchers and headers or with 
hoop iron bond, as may be directed by the engineer. The 
contractor to state in his proposal the difference in.price (if 
any), should all bricks be laid as stretchers and the curb bonded 
from inside to outside with hoop iron. 

Should hoop iron bond be used this will be of charcoal iron. 
No. i6, B. G., one and one half (i 1-2) inches wide cut four 
(4) inches longer than thickness of wall, with each end turned 
at right angles for a length of two (2) inches, and shall be 
placed eighteen (18) inches apart around the wall, and shall 
occur at every fifth horrizontal joint. 

The curb of the well shall be truly cylindrical for all 
depths, and shall be earned down plumb, llie outer surface 
of the brick work must be true to the arcs and smooth, to pre¬ 
vent sticking as the material is undermined from the shoe, and 
the inside joints shall be neatly struck as the courses of brick 
are laid. 

Anchor Bolts. The lower or first eight (8) feet of the 
curb shall be attached to the shoe by ten(io) anchor bolts, 
(8) feet long, of seven eighths (7-8) inch round iron, 
with square nuts and wrought iron washers at the bottom and 
square nuts and plate iron washers of one quarter (1-4) inch 
boiler iron eight (8) inches square at the top, the bolts shall be 
placed about six (6) feet apart, and built in as shown by the 
drawing herein mentioned, and after the course of brick next 
under the washers (at top) has been laid, the nuts shall be all 
screwed down on the washers, and the excess of thread on the 
bolts carefully cut off with a hack saw, to avoid disturbance of 
the brick work just set. 

Coping. The well shall be finished with a coping of sand 
stone ten (10) inches thick, twenty-one (21) inches wide, with 
an internal diameter of seventeen (17) feet eight (8) inches, to 
project two (2) inches inside and outside brick work at top of 
curb. The inner and outer edges of coping on top shall have a 
chiseled wash one and one half (ij^) inches “in” on the bed 
and one (i) inch “down” on the face. The coping shall be 
made up in ten (10) segments of uniform length of arc, and 
shall be dre-ssed to lay with less than one quarter (J^) inch 
joint. 1 he joints shall be filled with mortar worked in with the 
trowel and the several segments shall be cramped together with 
iron cramps of best “J4x2j4 f. b. iron with legs 2^ inches 
loi>g, and width of cramps between legs fifteen (15) inches. 
These cramps shall be “let” into the beds of stones at the mid¬ 
width, flush with the surface of coping, and the leg pockets 
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shall be cut slightly dovetail with a flare downwards, and after, 
the cramps are set shall be run with hot lead caulked in place. 
The lower bed shall be chisel dressed to make a joint on a full 
bed of mortar with the last course of brick, and the faces and 
upper beds shall be finely chiseled to a smooth even surface. 

Excavation. The well will be constructed by the under¬ 
mining method, a circular hole, twenty-one (21) feet diameter 
will be sunk in the clay eight (8) or ten (10) or more feet, 
depending upon the capacity of the material to stand vertical, 
and at the option of the contractor and upon approval of the 
engineer. The shoe will then be placed in the hole and care¬ 
fully leveled, the anchor bolts being in place, the brick curb 
will be laid as herein provided until the brick work reaches a 
heighth of three (3) feet above the level of ground, when fur¬ 
ther excavation will be had by removing the material within 
the curb and under the shoe and allowing the shoe to settle 
from the superimposed weight of the curb. The excavation 
under the shoe to be carried down uniformly all around to 
maintain a true level of the last course of brick on the curb. 
The level shall be taken for each course of brick laid, and 
when found “out” the curb shall be truly leveled by additional 
excavation under the higher side. J. W. H. 

163. Specmcation for Turbine Water Wheels. 
The following specifications for both horizontal and vertical 
turbine water wheels was. used in the construction of the large 
water power system of Austin, Texas, of 1892. 

Horizontal Turbines. There are to be four pairs of hori¬ 
zontal turbines of 506 horse power each, under 54 feet head. 
Each pair of these turbines will discharge into one common 
draft tube. On the shaft of each pair of turbines there will be 
two pulleys, each to be adapted to transmit the full power of 
the pair of turbines, and on the same shaft there will be a heavy 
balance wheel. The pulleys are to be for belt or rope driving 
as directed. The turbine shafts are to have ample bearing 
surfaces, and each exterior bearing is to be fitted with oil cups 
and proper drip pockets. ^ 

Each turbine case is to have a man-hole of 10x15 inches 
clear opening. ^ Each of the turbine quarter-turns is to be of 
cast-iron and is to be fitted with a good stuffing box and is to 
be flanged, fitted and bolted to its 5J^ feet diameter stop valve. 
The draft tube is to be flared at its mouth. A cast-iron plate 
is to be fitted on the floor of each tailVace under each draft 
tube, which plate is to be 6 % feet diameter and raised coni¬ 
cally in the center to a point. The floor plates are each to be 
secured with twelve inch lag bolts. 
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The turbine cases, quarter-turns and feeder pipes are to 
have proper lugs upon them to rest upon the iron beams and 
masonry, which are to be their supports. 

A strong and rigid frame of iron beams is to be furnished 
with each pair of turbines. Each frame is to be supplied with 
proper strong hold-down bolts and anchor plates. All anchor 
rods, plates, lugs and braces are to be supplied that may be 
necessary to secure the turbine cases, frames, draft tubes and 
feeder pipes securely in place, so they will be free from move¬ 
ments or vibration. 

Vertical Turbines. There are to be also two turbines 
with vertical shafts, each of 185 horse power under 54 feet 
head. These vertical turbines will have draft tubes similar to 
those above described for the horizontal turbines. The draft 
tubes are to be quarter inch plate iron with seams riveted so as 
to be air tight and with seams caulked in a workmanship man¬ 
ner. The shaft of each vertical turbine is to extend up to a 
level proper to receive the beveled pinion at the pump room 
floor. A pair of bevel wheels is to be furni.shed with each of 
the vertical turbines of ratios as directed, approximately 2 and 
75-100 to I. The larger bevel will be a mortise gear wheel 
with planed mortise-s and fitted with the best maple cogs which 
have been thoroughly sea.soned and boiled in oil and substanti¬ 
ally keyed in place. The small bevel gear will be machine 
molded and have planed teeth. 

The vertical feeder pipe with each vertical turbine and its 
quarter-turn will be supplied with each wheel case. Within 
this vertical feeder pipe are to be a sufficient number of bearings 
to keep the shaft truly in line. These feeder pipes are to be 
made of quarter inch plate iron of good ductile stock, of nol 
less than 40,000 pounds tensile resistance per square inch, and 
are to be well riveted with hot rivets and are to be calked water 
tight in a workmanlike manner. 

'I'he quarter-turns will be flanged and fitted with bolts to 
connect them to the vertical and horizontal feeiier penstock 
pipes or valves. Each vertical turbine is to have ample capacity 
when working under 54 feet head to start its pair of pumps 
when pmniring at a rate of four million gallons in 24 hours 
against a prus.sure of 265 feet of water and to bring the speed 
of the pumps quickly and easily up to a rate of 25 revolutions 
per minute. 

The turbines will have bronze buckets, approved gates and 
gate gears, and composition stuffing box glands. Approved 
cast-iron, bright standard and hand wheels will be set on the 
main floors of the house, where directed, and connected with 
the gate gears. Approved, sensitive regulators will be con¬ 
nected with the horizontal turbines. Substantial pedestals will 
be provided for the bearings of the horizontal shafts. 
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The turbines are each to be guaranteed to give a duty of 
not less than 8o per cent, by dynamometxical test, in a testing 
flume, or by similar test when driving their pumps at a rate to 
deliver four million gallons of water per 24. hours into the 
reservoir. * 

The turbine cases, turbine and draft tubes, also the vertical 
feeder pipes of the vertical wheels and all the quarter-turns, 
are to be set in place in the power house being constructed 
in Austin, Texas, by the Board of Public Works of the city, 
and their materials and workmanship, and their trimmings and 
anchorages are to be of the best of their respective classes, to 
the full approval of the Engineer, and are to be guaranteed and 
maintained in perfect condition for the term of one year after 
their test and acceptance. 

A general plan accompanying this speclfictlion shows the 
wheel pits, penstocks, feeder pipes and draft tubes, the floors 
of the power house and method of using the power. Full detail 
drawings of the turbines and their appendages are to be deliv* 
ered to the Consulting Engineer and are to be subject to his 
approval in all respects. 3 * T* P. 

164. SpeclfloatiOB for the Installation of an 
Electric Lighting Station in a Small City. The fol¬ 
lowing specification for m electric lighting station were pre¬ 
pared in the year 1894, for a small city w^bich required an 
economical installation. They are given here, not for the pur¬ 
pose of being copied, but m an illustration of what was con¬ 
sidered good practice at the time they were drawn. The 
gentleman who prepared these ipecificationi has had a large 
experience in Electric Light initillation, having been at one 
time manager of an Electric Works, while at the same time 
being a mechiinical engineer of thorough training and wide 
experience. The work was to be erected under his own 
supervision and inspection, so that it was only necessary 
to make such a specification as would wiirrimt liim in demand¬ 
ing first-class materials and workmanship in the execution. 

STATIOH FLA NT, 

Dynamo: The' dynamo shall be of constiint potential 
alternating incandescent type, and to have a nominal or rated 
capacity of thirty to thirty-five kilo-watts, at one thousand to 

•The Author rccommeudi that a bO'jaiMi imd torf«itu:r• coadiiiou ihould accompaay 
•uch a duty clauae at this. 
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one thousand and one hundred volt at station. State number 
of alterations per minute. Exciter to be belt driven from 
alternator shaft. By “nominaP’ or “rated’’ capacity is meant 
that load at which the dynamo will run continuously, without 
undue heating. Proposals will state the capacity, and the 
amount of overload the machine will safely stand for three 
hours run in hot weather. Bids are also desired on direct 
connected generators, with high speed engine of approved de¬ 
sign. Bids must give full details, and be accompanied by 
drawings. 

Attachments: Machine to have insulated base frame, 
belt tightener, self-oiling bearings, automatic regulator, and all 
necessary station and switch-board apparatus, including light¬ 
ning arresters. Submit a list 6f station equipment intended to 
be furnished. 

Regulators: Must automatically control the current over 
the entire range of the capacity of the machine, without undue 
heating, or sparking; so that the power required is at all times 
proportionate to the number of lamps burning. It must pro¬ 
vide a steady and uniform light, with variations in the engine 
speed not exceeding three per cent. The regulators must pro¬ 
tect the dynamos in case of short circuiting on the line. 

Erection: Contractors will deliver machine, and all sta¬ 
tion apparatus, and erectsame in position, including substantial 
foundations of concrete. They will run wires in station 
between outlet where external construction begins, and switch¬ 
board, machines, arresters, exciter, grounds, etc. Wire to 
Okonite. Furnish and place switch-board, and erect all appa¬ 
ratus thereon. Furnish expert to erect, adjust, and run appa¬ 
ratus ten days, instructing the city’s attendants in its care and 
operation. Contractor must keep informed as to the progress 
of the work, and arrange the time of his experts accordingly, 
and there will be no allowance for extra time or traveling 
expenses, not specially ordered. State charge per day for the 
time of expert longer than ten days. 

Acceptance: Before leaving, the expert must satisfacto¬ 
rily make the capacity test, and such other tests as the city may 
require to satisfy itself that the provisions of the contract have 
been fully carried out. At the end of the ten days’ run, the 
apparatus will be accepted, providing the requirements of the 
contract have been fully met. 

Switch Board: Furnish and ^rect a switch-board, com¬ 
plete, of good, hard, well seasoned wood, providing for one 
dynamo and two mains for commercial, and for street lights as 
hereinafter provided. Arrange for easy access to rear of board. 
Submit list of apparatus to be placed on switchboard. 
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Converters: From one t accompanying list. 

Number and capac^^ ^ith fuse box and eye bolts, or wrought 
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To be of approved make, and furnished with 
such bS^s may be selected later. Efficiency fifty-hve watts 
ier sixSn candle power lamp. Furnish, now, i,Of» sixteen 
candle power, and lOO thirty-two candle power. All for one 

'^'Onrihousand of first-class construction, with 
porcelain base to fit such lamp as may be selected later. 

Delivery and Erection: The converters, meters, lamps 
and sockets shown on accompanying lists and maps, are to be 
erected in position. The rest of the quantities above named 
are to be delivered to the city for future use. 

Future Orders: The quantities hereinbefore mentioned 
are to be included in original proposal price, but a price must 
also be named at which additional orders may be placed within 
one year fiom signing contract. 

EXTERNAL CONSTRUCTION. 

Pole Line. —^Furnish and erect in position all poles and 
cross-arms for the complete distribution system shown on blue 
print. All poles to be live peeled white cedar, 30 feet long, 6 
inches diameter at top, housed and gained for two cross-arms. 
Set 4 J 4 feet in ground and tamp well. Poles must be straight 
and sound. Any poles crooking more than one inch In five 
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feet or having more than ten per cent, rot in butt, will be 
rejected.* Location of poles will vary between loo and 150 
feet apart, averaging probably 125. All locations to be 
approved by city. Furnish 12 extra poles for future use. Fur¬ 
nish all material and do all work, connected with the primary 
system, starting from station outlet, and including secondaries 
to house inlets. Corner pins to be inch extra quality 
locust, except in cases of unusually severe strain, where they 
must be of iron; all others 1^2 inch painted oak; all wires to 
be carried on insulators of the deep groove double petticoat 
pattern. 

Wire, —To have triple braided weather-proof insulation of 
superior finish and smoothness, tough and not easily abraded, 
and which will not disintegrate or deteriorate by exposure to 
the elements, and equal in all respects to “K K.” The wires 
will be of sizes as shown on blue print. The drop from con¬ 
verter to house inlet when all lamps shown on map are burning 
at once must not exceed one per cent. 

Street Lights, —Will be 47 of 32 candle power each, run 
in i^oups of 10-100 volt lamps, with shunt coils, each group in 
series. Location of street lamps and wires as per accompanying 
blue print. All wire No. 10 B. & S. Furnish and erect on 
switchboard at station, switches controlling all street lights. 
There will be two groups of 10 street lights each. The other 
three groups will each have 9 lights on street, and one in 
station. 

Hanging Lamps, —Contractor is to furnish all fixtures, 
material and labor; to hang in position the 47 incandescent 
street lamps shown on map, as high above grade line as possi¬ 
ble ; with cutters suspension street hoods, with cross-arms, 
insulMors, nozzles, and petite pulleys and % inch galvanized 
iron flexible lamp cord, with hemp core; also galvanized steel 
wire strand inch diameter, for suspending lamps in the cen¬ 
tre of streets, by the cross suspension method. Use eye bolts 
with washers for suspension wires, projecting sufficiently to 
permit slack being taken up by tightening nut Iron break 
arms are to be used w here lines leave poles, or wherever a loop 
is made. 

Returns from Street Circuits. —Shown in broken lines 
on blue print may be cut into commercial circuits, instead of 
returning to station independently. 

Incandescent Distribution, —Will be shown on accompa¬ 
nying blue print. 

In General. —All joints are to be well soldered and 
taped. No wire must be lower than 20 feet above grade line. 
All streets, alleys, and other public places where work is done, 
must be left in as good condition as before starting. Use 
special iron brackets wherever necessary, always placing some 

18 
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soft moisture proof material between the iron screw and the 
fesulSor. Erect on incandescent mams where directed, the 
six lightning arresters. 

SECONDARY INDOOR WIRING. 

CaiacitV _All secondary wiring must be sufficiently large 

to carry at one time 25 per cent, more lamps than the number 
shown on the accompanying map, without undue heating, and 
at 100 volts. The drop from house inlet to the most distant 
lamp with the above maiximum load must not exceed 2j^ per 

Erection.— AW inlets to be in front" of houses, except 
where some other place may be designated, as more conven¬ 
ient. Converters, meters, sockets, and lamps are to be furnished 
by this contractor, placed by him and connected permanently 
in position, complete. All other necessary material, such as 
fuse boxes, switches, cut-outs, etc., to be furnished and erected 
by this contractor. 

Plans ,—^Name a lump sum for the complete installation of 
the lamps located on the blue print in accordance with these 
specifications. State also: 

ist. Price per lamp at which this schedule may be added 
to or deducted from. 

2d. Price per lamp which will be charged additional for 
concealed work. 


Character of Work ,—^Except where otherwise arranged, 
all interior wiring will be open cleat work, using white double 
braided painted fire-proof wire. The details of all indoor wir¬ 
ing will be in accordance with the rules of the St. Louis Board of 
Fire Underwriters. The city will have the work inspected from 
time to time at its own expense, and any work which may be 
found, at any time previous to the acceptance of the plants not 
in accordance with those rules, must be put into satisfactory 
shape by this contractor at once. Drops to be No. i6 cotton 
flexible cable, with adjusting ball and fibre socket bushing. 

Special Work ,—The city grants the contractor the right 
to sell shades, fixtures, etc., and to do concealed and fixture 
wiring, for which extra work the customers will pay him 
direct, such work to be done under the supervision of the engi¬ 
neer, and to his satisfaction. W. H. B. ^ 


165. Specifications for Electrical Distribution 
Circuits for Ligbt and Power. The following is the 
descriptive portion of a set of specifications for electrical dis¬ 
tribution for light and power prepared for the city of Austin, 
Texas, in 1894, They are thought to be a good example of 
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such specifications and are here inserted exactly as used in the 
letting of the contract. 

Pcywer Station: The power station is located at the new 
dam in the Colorado river and is about three miles northerly of 
the corner of Congress avenue and Pecan streets in said city of 
Austin. There will be in the power station one rSo kilo-watt 
tri-phase generator adapted to generate alternating currents of 
3,700 volts potential, two 100 kilo-watt generators adapted to 
generate direct currents of 550 volts potential, four alter¬ 
nators of 3,000 light capacity, and two alternators of 1,500 light 
capacity adapted to generate alternating currents of 3,300 volts 
potential and two arc machines each of capacity to supply cur¬ 
rents for 100 arc lamps of 450 watts each. 

The wires for power currents will be led out of the station 
for grouping on one set of poles and the wires for lighting cur¬ 
rents for grouping on another set of poles. The currents of the 
three power generators will be transmitted by three-wire com¬ 
plete circuits. 

All the wire circuits are to be connected with the switch¬ 
board and station apparatus so as to give the most complete 
switching, testing and regulating facilities with the least drop of 
potential consistent therewith. The leading wires are to be 
strung from the switch-board to the cupola of the power house 
and but through the panels of the cupola and are to be insu¬ 
lated from the building and panels in the best manner. 

All the wires within the buildings will be covered with a 
firm water proof insulating material, such as shall be approved 
by the engineer, and to the safe insulation of currents with 
standard potentials of 2,500 voles. 

Pole Lines: Thelincpoleswlllbe of peeled, white northern 
cedar. The poles are to be straight, sound, smooth and free 
from large or loose knots that might weaken them. 

The dimensions of poles shall not be le.s.s than those stated 
in the following schedule and poles of each representative class 
are to be set at depths not less than those stateil in the schedule, 
if set in earth, and six inches less if set in solid rock. 

Poles will not be less than the schedule thickness at one 
half foot below tlieir tops, and will be made roofed at their tops 
and their roofs will be painted with tlie best quality of mineral 
paint. Their lowest cross arms shall be at least 18 feet and 3 
inches at center above the center of the street opposite the pole'. 

On the main two-feeder lines, between the power house 
and Congres.s avenue, the poles are to be spaced not exceeding 
lOO feet between centers, and on the sub-feeder and distribution 
lines poles are to be spaced not exceeding 133 feet between cen¬ 
ters, and if lengths of blocks are such that three poles per block 
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Gains ihall ht cut in tlii; pjlci m iliit liir cro*.« irriit will 
fit iniigly incl reil ai right iiigki to thi? fi\ii of ill® polci, 
Proper gains arc to hemailr tn receive iirrcitcn, triiii- 

formers aticl other iippsiriliii to He attaclinl ici liir |wilci. 

The coiitraclor sliill f»eciire uli iircrMurv |»rfiTiitikim for 
the trimming of priviiie irren innl il«i 4II irifiifiiiiiif, firit! lit 
shall secure the neceviiiiy pmin^iion for uriy giiy 

wires to private pr«#prrty. 

(Snm iiiirjiiti imm aiiiit %%iil Hr foui miii 

one quarter Hy li^r irirl uiir fuiirili inrhri miii utlirr 

cross arms of three ami our fftiarirr t»v jui^l one i|H 4 f!rr 

inch section, iiikI sill are to Hr of toufi*! ilr.ir jioI •ftiiHifli 
seasoned white oak. I'iir cro^n %%ill Hr nf 1 Ii?4r, 

hard Michigan while pine. 

Each will He rt#im«lrtl on if* lop jori r.i* !* v. d! Hr 
with three ami one liaff !>y ^%'rii no h Lij: , ih 

The «ix-pin urms will He ncit lr%% ili.m hir uit ind trn in tirn 
long and fonr*pin ctmn. arrii» tioi !«•*% than -1 »rf'! f» n iiiifiri 
long. All ctammtm will liiivr «iiir mi Hir Hr»i 

and B/' paint comptniiid for Itir |'nii|jfifcr l-rjuir H< 04: la^lriird 
to the polci. 

liie vertical dislanrci Hetwrrfi crnirn^ *4 .niie'i whall 

not Ih? less than twenty inclici. 

All four and six-pin emm arm* will Hr ^\i%r i vJiti our 
quitrtcr liy one and one hilf itifh folinl itmi 
not less than twenty-six incliei long iiii fhr aiiOi am! 

twenty inches long on Inc iliorlrr artiii. 
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Each pair of braces will be secured with two lag screws, 
two by five-sixteenth inches, and one lag screw three by five- 
sixteenth inches dimensions each, with washers complete. 

Pins ,—All cross arms carrying No. i or larger wire will 
be furnished with the best quality of locust pins and for smaller 
wires with the best quality of white oak pins all with one and 
and one half inch diameter tenons. The interior pins shall be 
eight inches from centers of cross arms and other spacings of 
pins 12 inches between centers. 

The pins shall be covered with “P. & B." paint com¬ 
pound, shall fit closely in the cross arm mortises, and shall be 
secured with steel nails. 

Insuiators ,—Each pin shall have one of the best deep 
groove glass insulators of double petticoat pattern* 

Pole Steps ,—Screw pole steps of five eighths by eight inch 
wrought iron, galvanized, shall be placed on each pole on 
which there is a lightning arrester, transformer or cut-out. 
The lowest step shall be at eight feet from the ground and 
other steps at eighteen inches between centers vertically, hut 
alternately on the opposite side of the poles. 

Wire Circuits ,—All of the circuits are to be of pure 
copper, of at least 95 per c<‘nt. conductivity, drawn true to 
gauge and of the best cjuality in every respect as electrical con¬ 
ductor wires. 

Tiie diameters of the circuit wires as herein ( 1 escrll>ed are 
stated in the dimensions of the Brown & Sharp gauge. The 
wires in the power house will have the best water proof insula¬ 
tion, The wires in all alternating current feeders and circuits 
are to have the best weather proof insulation of standard 
double braided and compounded coverings. 

The arrangements of tlie power circuits on the poles from 
the power station to West Avenue are sliown on an accompany¬ 
ing plan and the arrangements of the main alternating circuits 
and arc circuits arc similarly shown on another plan. 

On the top of the two main pole lines above described 
there will be one guard or protection galvanized iron standard 
barbed double fence wire to be strung on pony insulators, and 
effectively grounded at distances not exceeding 500 feet. 

All joints in wires must have full and duralde contact and 
be soldered in tlic best manner so tliat the joints sliall hold and 
maintain a degree of conductivity at least ec|ual to that of the 
wires connected. All joints so made shall be thoroughly 
washed in an acid neutralizing solution and well wrapped with 
insulating tape, and the finishing end of the tape shall be 
wrapped with copper wire, 1 he insulation resistance of the . 
joint is to be equal to the insulation re.sistunce on other parts 
of the line. 
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The power, arc and allcrnatin» circuit* witliin i!ie city will 
be arranged, as nearly as possible, as shown on the accoir- 
panying maps of the distribution systt*in 

The commercial and domestic iiglifing by alternating cur¬ 
rents will be divided into eight district*, a* »baw« im the wiring 
map, and the wires will be proporiioneil fwi i6 camlle power, 
alternating lamp transformers in each district as foHuus: 

District No. 1, 1500 htmm and 1200 bainp eapaeity of traiisfirweni. 

<* “ 2. 3000 " •* 2400 " '■ ** *• 


» » 3, 3000 

« » 4, 1600 

“ 6, 1300 

« “ 6, 1500 

« “ 7, 1600 

'• “ 8, 1500 


<• '< 2400 •• 

» “ 1200 " 

'< “ 1200 

» '• 1200 •• 

•* ** 1200 ** 

» » 1200 « 


tl II 

II #« 

«l «« 

41 # $ 

«4 11 

#1 II 


II 

«« 

ii 

II 

41 

'it 


The power geoerttow will hate their ciirreiiiii wirril Imm 
the power house" into the city by the Iloiik¥iril ami Fetau 
street, to Red River street^ ami « branch current mire will 
extend along the alley between Congtew avcriiir and C’lilfirado 
street from 3rd to loth ilreeti* The triiiinii»«iiofi will be liv 
three-wire circuits with complete rctiiiiii. iiiid llir tlrciii in 
potential in full power of the gcneraiors ilnill iwi exceed icii 
per cent. 

JWcri.-—-Thirty iron **Star'* lighting iin%rr» of ilir 
Detroit pattern, ijo feet each in hriglil tfiiojinf riinxi, arc to hv 
located in various piirts of the city m shciwii m ilir acciitiijiiiiv* 
ing maps of liglitiiig towers. Thrxe lower* air l«i hr of llir 
most substantial i'mnituctmn, xulmtaiilially giiyrtl, liii! rtjiiiji'' 
ped with six watt arc litmpx rudi. 

Each of tlie two circuit iyilraii of evirr* fur li^jiitnig Itirn* 
tower arc lumps is to be cil Nio fi, %vrallirr pumi, ln♦lilI^|fr»l 
copper wire, connected with the swinh i-oaiii in ilir jimcrr 
house. 

Ihfmiia/s ,—In the wires for roiiifiiricial and ilitfiirfcflf 

lighting by alternating currents, tlir ln%% bv in |e*frrji if 

in the mains between the power hciiisr aii#l \Vr%t 4\t*nur uliall 
not exceed twelve ami one hull per crtil., and in tin- ^iib*trrtlrix 
and branches ahull not exccefi an inliliiional liir pn . nif 

7r4i/ix/if>rm'r5.--The sclirdiile «4 trarnfiuinn‘i or toioerl- 
ers as herein conteinpliiled ii as Itilluwi: 


Twenty-one of — Vl f *»|ari*v. r< i waO'*» Iwiip 

Ninoty-niiio of.------- .2:i L.iiiip i .iparii), p* ? 

Forty of ... fiti fa> « i l.iiup 

Fiff ef*ri ol.... .. 7o I ^ 

Fifteen of.. . ,, .Jio Laniii ■* 'apuriiy, Tei |,»'f . 

Klevon of .!:.*'» t %i|mrifv, r» tt H?’ 1 {"* t is'ifi.!. 

Twclvo of, .... . t ^ V, tv * I I I 'riii 4 |i 

On© of. ... ......... . fjiiii bull,I* si, 4*'’» p# „ 


The s, 


iicl party of the first p.'irf lietebv 


exchange coiiverlnH i»y ^i/es, laking an ir|yal 


’ |.;yhf fi* 

/*« iji hiinflei 
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converters as the interest of its patrons shall require. The con¬ 
verters, as located by the engineer, are to be fully connected in 
the wiring circuits ready for attaching the domestic and com¬ 
mercial wires. 

Grounds ,—Effective grounds are to be prepared for each 
of the lightning arresters and for the ground connections of the 
guard wires. When no good ground connection is available 
one is to be prepared by placing two bushels of good coke or 
charcoal near the base of a pole and placing therein a copper 
plate, one eighth by four inches in section and three feet in 
length, and the ground wires are to be soldered thereto. 

Apparatus ,—All the circuits will be fully equipped with 
the requisite installation apparatus required for the safe and 
easy operation of the lines and for their testing, inspection and 
maintenance, such as feeder boxes, primary switch and fuse 
boxes, cut-outs, transformers, etc., each marked with their safe 
ampei'e carrying capacity, and all lines will be fully equipped 
with lightning arresters. 

Each piece of this apparatus is to be located as directed, is 
to be of the best material and workmanship for the purpose and 
is to be set and secured in the best manner, and each is to be 
subject to the rgid inspection and test, and to the approval and 
rejection of the engineer. 

Guarantees ,—All apparatus, materials, and workmanship 
herein specified and contracted for are, by the said party of the 
second part, hereby guaranteed against all electrical and 
mechanical defects, and defective workmanship for the space of 
one year from and after their completion and acceptance. The 
party of the second part also hereby guarantees that any of the 
lighting towers herein contracted for, when provided with six 
direct current arc lamps of 450 watts capacity each (2,000 nom¬ 
inal candle power) will illuminate any portion of a circle 3,000 
feet in diameter, of which the tower is the center, sufficiently 
so that any ordinary watch may be read on the darkest night 
when the said towers are illuminated. J. T. F. 





PART IV, 


Illustrative Examples of Complete Con¬ 
tracts and Specifications. 

EXAMPLES OF COMPLETE ENGINEEEING SPECIFICATIOHS, SO 
FRAMED AS TO INCLUDE THE CONTRACT AND »OND| 
TOGETHER WITH ALL THE GENERAL CLAUSES, 

SO DRAWN AS TO BE DISTINCT AND 
SEPARATE FROM THE 
SPECIFICATIONS. 

166 . Contract and Bond Combined in One Doc¬ 
ument witli the Specifications. It is often custurniiry 
for corporations doing a great deal of work by contract to have 
a standard form of coml>ined contract, specification, lyni bond, 
in which the contracting and surety clauses remain the same, 
and in which a large proportion ot tlie generiil clauscH remain 
unchanged, while the specifications propcT vary in accordance 
with the different classes of work to be done, (H mu li an ex¬ 
ample is that given in the following article, this being the 
standard form used by the city of St. Louis. It will be noteil 
that in tliis contract, the contractor is represcmtetl as the pailj 
of the first part, and the city of St. Louis m the |:)itrty of the 
siecond part In Fart II of this work, wherein the geneial 
clauses of specifications w'ere di cussed, the party of tlie liist 
part was supposed to indicate tlie employer, and the paity «d 
tlie second part, the contractor. It is, of course, a matt‘*r of 
indifference as to which custom is iolhnved, so long as the doc¬ 
ument clearly debnes the meaning of tiiese terms. 




SPEOmOATIONS FOE PUMPING ENGINES. 271 


In all the examples given in this portion of the work, the 
subjects of the clauses will be indicated by marginal titles. 
This is the common practice in all specifications, but it has not 
been followed in the previous portions of the work, since the 
examples chosen were fragmentary in their character, and did 
not seem to require this kind of indexing. In actual practice, 
however, it is advisable to use these marginal titles for conven¬ 
ience of reference. So also should the clauses be all numbered, 
as is done in the examples which follow, these numbers also 
having been omitted in the previous portions of this work, 
because of their fragmentary character. 

167. Contract and General Specifications for 
Large Pumping Engines. The following complete con¬ 
tract and specifications was used in 1894 by the Water Com¬ 
missioner of the city of St. Louis, in the letting of contracts for 
two large high service pumping engines. They arc what is 
known as general specifications, since they do not indicate any 
particular style of engine, and since no plans were drawn for 
the work. It should be understood also that the city of St. 
Louis is obliged to let all public work by contract and always 
to accept the lowest bid or to reject all bids. It has hitherto 
been customary for this city to prepare detail plans for all pub¬ 
lic work because of this provision requiring them to accept the 
lowest bid. These specifications have therefore been drawn 
with the greatest care, and in such a way that the city may be 
able to accept the lowest bid without danger of obtaining an 
inferior product The gentleman who prepared these specifi¬ 
cations is a thorough civil and mechanical engineer of about 
twenty years experience in the designing and operation of pump¬ 
ing engines, and therefore the requirements here embodied are 
likely to represent the latest and best practice. Th6y are given 
here, however, not for the purpose of being copied, but for the 
purpose of illustrating the care and foresight required in the 
letting of contracts under general specifications, in order that 
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all the bidders may be placed on an even footing, and that even 
the lowest bid shall of necessity correspond to a first-class and 
in every way satisfactory result. In general, where it is obliga¬ 
tory to accept the lowest bid, it is advisable to have detail plans 
prepared. The privilege had been specially reserved, however, 
in the advertisement of this work, to reject all the bids, if none 
of them proved satisfactory, but the city is not allowed, under 
its charter, to reject a lower bid, and accept a higher. 

Referring to clause D in these specifications and to the last 
portion of that clause, the wording here is evidently too inclu¬ 
sive. That is to say, the Water Commissioner would not be 
allowed by law to “decide all questions which may arise rela¬ 
tive to the execution of this contract on the part of the contrac¬ 
tor,” with the condition that “his estimates and decisions shall 
be final and conclusive.’^ See articles 12 and 13, parti, and article 
109, part II, for a discussion of this question. 

168. Contract and Specifications for 
designings furnishing and erecting at High Service 
Pumfing Station Ho, y, St. Louis^ Mo.^ Putnping 
Engines Nos. 7 and 8 , with Fixtures and all Ap¬ 
purtenances Complete. 

A Agreement made and entered into this- 

day of-, id—, by and between 

-, part of the first 

part, and the City of St. Louis, party of the second 
part, witncsseth: 

Whereas, The Board of Public Improvements 
of the said City of St. Louis, under the provisions of 
Ordinance No. 17006, approved December 30, 1892, 
and by virtue of the authority vested in the said 
Board by the Charter and general ordinances of the 

city,’ did let out unto the said- 

the work of designing, furnishing and erecting, at 
High Service Pumping Station No. 3, St. Louis, 
Mo., Pumping Engines Nos. 7 and 8. 


B HoWs thereforcs in consideration of the pay¬ 

ments and covenants hereinafter mentioned to be 
made and performed by said second party, the said 
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-hereby covenant and 

agree to furnish and erect in the pump pits at High 
Service Pumping Station No. 3, two pumping 
engines, each of a capacity of ten million U. S. 
gallons of water in twenty-four consecutive hours, 
with all fixtures and appurtenances complete, and in 
conformity to the requirements and conditions here¬ 
inafter specified. 

Wherever the words “Water Commissioner’' 0 

are used herein, they shall be understood to refer to 
the Water Commissioner of the City of St. Louis, 
and to his properly authorized agents, limited by the 
particular duties entrusted to them. 

Wherever the word “Contractor’’ is used herein, 
it shall be understood to refer to the part who 
ha entered into the contract to perform the 
work to be done under this contract and these 
specifications, or the legal representative of such 
part . 

To prevent all disputes and litigation, it is D 
agreed by and between the parties to this contract 
that the Water Commissioner shall, in all cases, 
determine the quantity and quality of the several 
kinds of material to be furnished and work to be 
done, the duty and capacity of the engines, and the 
amount to be paid under this contract; and he shall 
decide all questions which may arise relative to the 
execution of this contract on the part of the Contrac¬ 
tor, and his estimates and decisions shall be final and 
conclusive.^ 

The said part of the first part hereby agree E 
that all materials and workmanship, of whatever 
description, shall be subject to inspection and rejec¬ 
tion by the Water Commissioner, and that the entire 
work shall be done to his satisfaction. The said 
part of the first part further agree that the Water 
Commissioner may appoint such assistants as he 
may deem necessary to inspect the materials to be 
be furnislied and the work to l)e done under this 
agreement, and see that the same strictly correspond 
with the specifications hereinafter set forth; and 
that said Water Commissioner shall at all times have 
the right to enter the works, shops, etc., where the 
machinery is being constructed, for the purpose of 
inspection and examination of the materials furnished 
and work being done, and shall, be afforded such 
assistance as may be required to determine whether 
the quality of the materials and the character of the. 

This last provision* font thr Krtyinecr stnt' 

■imc, is not biruiiiig. bee An l.H d 


'.ill ouesiioni*’ which may 
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work are in accordance with the recjuiiements and 
intentions of this contract. 

The part of the first part further agree tjhat 
the materials used throughout the engines and ap¬ 
purtenances shall be of the qualities specified, and 
new and unused when put into the work, and that 
the engines and appurtenances shall be constructed 
and erected in the most w'orkmanlike and substantial 
manner, and everything done and furnished neces¬ 
sary to complete and perfect the engines and appur¬ 
tenances according to the designs and intentions of 
this contract, whether particularly specified or not, 
but which may be inferred from the drawings and 
from this contract and the* following specifications: 

SPECIFICATIONS. 

1. The work to be done consists in making 
the design, furnishing general and detail drawings, 
constructing and erecting complete in place ready 
for service at High Service Pumping Station No. 3, 
St. Louis, Mo., two vertical triple expansion con¬ 
densing pumping engines. Each engine shall pump 
ten millions U. S. gallons of water in twenty-four 
hours. 

GENERAL DATA. 

Water Pressure. 125 pounds. 

Steam Pressure.125 pounds. 

Elevation Bottom Pump Pit (City Datum 100). 90 feet. 

Elevation Engine Boom Floor.118 feet. 

Elevation Water in Wet Well (Approximate). 110 feet. 

Dimensions of Pump Pit.. 56x57 feet. 

PLANS. 

2. A complete set of accurate and distinct 
detail working tracings, made in accordance with 
the general plans submitted by the Contractor with 
his proposal and approved by the Board of Public 
Improvements, shall be furnished by the Contractor 
and submitted to the Water Commissioner within 
four months after the award of the contract. 

3. The tracings shall be of uniform size—25 
X39 inches—and shall have a clear margin of at 
least 54 of an inch. 

4. The kind of material to be used in each 
and every part of the construction shall be clearly 
denoted in the tracings by different section lining or 
by distinct lettering. 

5. The tracings shall show complete sectional 
outline and plan views, giving all necessary dimen- 
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sions and thickness of metal, radii of fillets and 
roundings in the various parts of the construction in 
plain and intelligible figures, and shall definitely 
state in printed letters, at all surfaces and details, 
the name of the parts and the kind of machine work 
and finish to be put upon them, thus enabling the 
machinery to be built and completed exclusively 
from blue prints taken from the tracings. 

6. There shall be separate tracings showing 
the valve motion, as put together in working con¬ 
dition. 

7. The tracings will be examined by the water 
commissioner, and if found in accord with this con¬ 
tract and specifications, will be approved; any 
change found necessary shall be at once made by 
the contractor to the satisfaction of the Water Com¬ 
missioner. 

8. The contractor sha’l also, within two months ‘ 

after the award of the contract, furnish accurate and 
workmanlike general tracings, made in accordance 

with the drawings submitted by the contractor with 
his proposal, and filed in the ollice of the board of 
public improvements, and with tlie detail drawings 
approved by the Water Commissioner. 

9. These general tracings shall show the posi¬ 
tion of the engines in the pits, with all required 
foundation piers and bolts, and all floors, girders, 
platforms, stairs, galleries, railing, pipes, stop valves 
and all appliances complete, giving all general 
dimensions required in the erection of the machinery. 

10. If, during the construction, it be found 
expedient or necessary to change or modify the 
design of any of the details of the engines, working 
drawings showing the proposed changes shall be 
submitted to an(l approvccl by the Water Commis¬ 
sioner before any change is made. 

It. All drawings rendered in any way incor¬ 
rect through changes or modifications, must be com¬ 
pletely replaced by new tracings. 

12. Before the final payment for the engines, 
the contractor must furnish and deliver to the watci it>gs. 
commissioner a book of complete general and detail 
drawings of all parts of tlie engines and appurte¬ 
nances, as built and erected. 

The detail drawings shall show all details enter¬ 
ing into the construction in sectional, outline and 
plan views, with all dimensions plainly written in 
neat and intelligible figures and names printed at 
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every detail, the kind of material used and the finish 
of the various parts and surfaces. 

The general drawings shall show the engines in 
position in the pump pits in at least four different 
views, viz.: Sectional side elevation, sectional end 
elevation, contour or outline end elevation and plan, 
and shall give necessary main dimensions, thickness 
and kind of metals, location of foundation bolts, and 
all important sizes of the machinery as erected. 

These general and detailed drawings shall be 
made on mounted double Elephant paper of a size of 
25/^^39 inches inside the margin lines, strongly 
and substantially bound in book form, with the name 
and date of the engines printed in gilt letters on the 
covers of the book. 

All drawings shall be accurately and neatly 
executed in ink in a workmanlike manner and to an 
appropriate scale. All sheets shall be uniformly 
lettered and consecutively numbered and provided 
with proper titles and headings. 

DESIGN. 

General Features. 


Pit. 


SnctJoD. 


Steam. 


Pltmifer. 


13. The two engines shall be designed to be 
erected and operated independently in the south pit 
of the engine house, which will be built by the city 
of St. Louis, substantially as shown by the plans on 
file in the office of the water commissioner. 

Especial attention must be paid to the fact that 
the engines will be used for direct pressure service. 

14. ^ Engines shall have ample space around all 
their various parts for access and maintenance. 

^ 15. The height of the w'ater in the wet well 

will depend upon height of water in conduit, which 
will be approximately constant. 

^ _ 16. The engines shall be designed for an 
initial steam pressure of 125 pounds per square inch 
fnch ^ pressure of 125 pounds per square 

17. The pumps shall be designed and con- 
sti-ucted to deliver the stipulated quantity of water 
at a plunger speed which wdll insure a smooth and 
effective action of the pump valves, and all working 
parts of the machinery, but in no case shall the 
diameter of any pump plunger exceed 40 per cent, 
of Its stroke, or the plunger speed exceed 180 feet 
per minute. 




SPECIFICATIONS FOR PUMPING ENGINES. 


277 


18. The arrangement and construction of the BaUmctd. 
engines shall be such that they will give equal steam 

cards on the up and down strokes. 

19. The engines shall be designed and pro-*^eBabBiTy,etc. 
portioned to have great working strength, stability 

and stiJEfness, and ample space around all parts for 
erection, repairs, lubrication, inspection and adjust¬ 
ment. 

20. The steam cylinders and the plungers of Venicai. 
the engines shall be vertical. 

21* The steam cylinders and the regulating 
mechanism of the cut-off and valve motion shall be 
placed entirely above an elevation of 120 feet above 
datum. 

22. The pump chambers and steam cylinders Frame, 
shall be rigidly connected and supported through 

the intervening frames and columns to make the 
whole construction of ample stability, strength and 
stiffness. 

23. Each engine shall have vertical, single riungcrs. 
acting outside packed plungers, and no construction 

will be allowed requiring internal stuffing boxes, 
glands or water packings in the pumps. All stuffing 
boxes shall be readily accessible for inspection and 
tightening up, while the engine is running. 

24. The machinery shall be so constructed, 
supported and arranged that the pump chambers or 
any important part or piece of the substructure can 
be easily removed to such position that it can be 
hoisted out of the pump pit without necessitating the 
frame and fixed parts of the superstructure of the 
machinery being taken apart, disturbed or removed. 

25. The two engines shall each be provide d ‘ 
with a surface condenser, of appropriate size and 
construction to maintain a steady vacuum, and 
designed to directly utilize the water discharged by 
the main pumps for condensation of the exhaust 
steam. 

26. The contractor shall furnish and put np 

all pipes, valves, oil cups, drip pans, fittings and inumcei. 
fixtures required to make the construction complete 
inside the engine room and pump pit, and shall 
furnish flanges drilled for connection on end of 
pipes near wall. 

27. The various parts of the machinery shall Appearance, 
l)e of plain shapes and forms, adapted to their 
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specific purposes, insuring great strength unci rcllfr 
bility with good mechanical effects- 

Frame and Fimd PariSn 


Expansion. 3$, Xhe frame and foundation of the engines 

shall be so designed that changes of temperature 
can not alter the distribution of the loads on, or affect 
the alignment of the meml^ers of, the frame, and, 
where necessary, expansion joints shall be used* 

Frame. 29. The frame of the engine shall be designed 

to have great stiffness and weight, so that it shall 
withstand all working stresses with the minimum 
vibration. All bed plates or sole plates resting on 
masonry shall have ample bearing sui laces to safely 
distribute the working pressures. 

Anchor Bolts. machinery ihall be substinlially and 

securely anchored and held In pliice with i siifllcieni 
number of foundation bolts. 

Castings. 31. All castings shall be designed to avoid 

sudden changes of section and of such forms as will 
cool uniformly without shrinkage stniios, 

32. At all fianges of castings theie shall be a 
reinforcement, or addition of metiih of at leiist 30pcr 
cent, of the regular thickness, which shall extend in 
length or height at least twice the totid thkknem of 

* the metal at the reinforcement. All liiinge» to be of 
not less thickness than the total iiietid iil the leiri- 
force ment. 

33. All castings niuit luive good ii^.ed filletn at 
all corners; no small brackets will be allowed. 


Rcheatera. 


J MckmU. 


34. If reheaters are used fhoy sinill be designed 
and constnicled to be almoltiirlv iteam tight umler 
all working condithm to which they will he siih- 
jected, and must have proper heiitiiig arm am! space 
and facilites for examiniilkin, repaiiM and lencwiik. 

35' steam jackets are uscci they miist he 
secured to tie steam cylinder in sncfi ii niamier as to 
allow free and easy expansion and rmitraction, with¬ 
out causing internal leakage of joints or tleniiigemenf 
of any ^description to jackets or cylinders, or iindwr 
stiains in any part; and must he arranged to iii.Mir*” 
proper circulation of steam ami ready removal of the 
jacket water. 

36. All flat plates and surfaces actcf! upon by 
water pressure must be substantially piojHutioned 
and strengthened with m sullicient nuiiiher of heavy 
ribs, to make them of ample stiffness and strength to 
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safely carry the loads to which they will be subjected. 

37. ^ All handholes and manholes shall be of 
ample size, well fitted, and so constructed as to be 
readily opened and closed. 

38. Priming and draining pipes and valves 
shall be provided for filling and emptying the pump 
chambers. 

39. The condensers must safely stand all work¬ 
ing stresses to which they maybe subjected, without 
leakage or weakness of any description. 

40. The condensers shall be constructed to ^ 
give ample facilities and space for the examination, 
insertion and withdrawal of tubes and packing of 
joints. The tubes must be provided with perfectly 
tight and easily removable packings, allowing for 
expansion and contraction, without injury or leakage. 

41. The condensers shall be so arranged that 
the amount of water passing through, or condensing 
surface, can be adjusted to suit varying temperatures. 

42. Arrangement must be made for proper 
distribution and circulation of the exhaust steam and 
condensing winter on the cooling surfaces of the con¬ 
denser, without injurious impingement of the steam 
or condensing water. 

43. All glands and washers used in the con¬ 
densers shall be made of composition; all bolts and 
nuts (except stay bolts) used inside the condensers 
shall be made of Tobin bronze. 

44. The condensers must be provided with all 
necessary auxiliary pipes, valves and tanks. 

45. The hot well shall be set at the highest 
elevation in the pit which the design of the engines 
will permit. 

46. There shall be effectual means and appa- 
tus provided for the separation of grease and oil from 
the condensed water before it is fed to the lioilers. 

47. The suction and discharge pipes shall lie ^ 
thirty inches in diameter. 

48. For each engine there shall be a single 
suction or inlet pipe, which shall be attached to the 
gate valve, furnished by the City of St. Louis, 
shown in the plans of the pump pits. 

49. The discharge pipe for each engine shall 
be carried up to an elevation of 113.6, and then hor¬ 
izontally through and to a distance' of two feet from 
the outside of the pump pit wall, and shall be pro¬ 
vided with a drilled flange for connection to pump 
main. 
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Air Chambers. Each engine shall be provided with air 

vessels of sufRcient capacity to insure smooth, easy 
and equal action of the pumps. 

By-pass. Each engine shall be provided with a by¬ 

pass pipe, arranged to facilitate draining the pump 
mains and starting the engines. 

Relief Valves. j2. Each engine shall be provided with a 
pressure relief valve designed and arranged to by¬ 
pass the discharge of its pumps when the pressure 
on the pump mains exceeds 125 pounds per square 
inch. 

53. The pressure relief to be of sufficient 
capacity to by-pass total discharge of the engine'. 

54. There shall be platforms or galleries of 
cast iron plates or wrought iron open work at con¬ 
venient locations upon the pump and steam ends, 
which will allow all of the operations necessary in 
running and maintaining the engines to be per¬ 
formed with the greatest safety and ease. 

55. The Contractor shall design, furnish and 
erect iron stairways, landings and galleries leading 
from the top gallery down to the bottom of the pump 
pit, with all intermediate galleries and supporting 
girders, beams, and composition railings required to 

, make them complete and satisfactory in all respects. 
All of the above to be made of neat and harmonious 
proportions, and arranged to leave sufficient space 
for hoisting and removing the pump chambers and 
other parts of the machinery without disturbing any 
beams, bed-plates or other stationary parts, or neces¬ 
sitating the removal of stairways, landings or galleries 
to any great extent. 

56. The galleries, stairs and platforms shall be 
arranged to secure as good diffusion of light down 
the pump pit as possible. 

57. The stairs to be made without risers. 
Tread plates and all gallery plates to be made of a 
suitable open-work pattern. 

All parts of stairs, galleries and platforms shall 
be accessible for inspection and painting. 

Mechanism and Wearing Parts. 

o 

® 58. All moving parts shall be of ample strength 

and of sufficient stiffness to prevent undue vibrations 
in operation. 

faces.^ 59. All journals and wearing surfaces shall be 

of sufficient size and of proper proportion to avoid 
excessive pressure and heating. 
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60. When practicable, provision shall be made 
to prevent the wearing of shoulders on either station¬ 
ary or moving parts at their extreme travel. 

6 1. All stationary journals shall have suitable 
boxes, babbitt lined when necessary, and all journals 
above four inches in diameter shall have provisions 
for horizontal and vertical adjustment. 

62. All glands and guide rings of stuffing 
boxes shall be provided with composition linings 
forced in and securely held in place, and the glands 
shall be cupped out to make proper receptacles for 
lubricants, leakage water, etc. 

63. The bodies of all valves, three inches in 
diameter and smaller, shall be entirely of composi¬ 
tion, but the bodies of valves larger than three 
inches, may be of cast iron, with composition valve 
and valve seats. 

64. All valves, fittings, fixtures and appurte¬ 
nances used, shall be of an approved design. 

65. The valve motions and starting arrange¬ 
ments of the engines shall be such that each engine 
can be promptly and safely started and operated by 
one engineer* 

66. The steam distribution valves shall be of 
a known reliable type. They shall be well balanced 
and so designed as to work with the minimum fric¬ 
tion, to wear even and steam-tight, and to have 
proper facilities for refitting and adjustment. 

67* The steam valve mechanism shall be of 
ample strength and durability, and must be reliable 
in all its motions and entirely free from any danger 
of failure, derangement or rebounding. The engine 
and valve mechanism to be provided with an auto¬ 
matic device to prevent racing in case of a broken 
pump main. 

68. The engines shall be fitted with a variable 
cut-off mechanism so arranged as to be easily and 
quickly adjusted while the engines are in operation. 

69. The running throttle valves of the engines 
shall be of a well-balanced type arid operate quickly 
and easily under full steam pressure. 

70. The steam pistons of the cylinders shall 
be provided with Babbitt and Harris piston packing, 
packing which, in the opinion of the Water Com¬ 
missioner, is equally efficient. 

71. Steam valves above six inches in diameter 

shall have steel stems provided with Fhospho bronze 
nuts. s 


Counter-bew- 

Journals. 

Bushing;!. 

Valve*, etc. 

Steam End 

Valve*. 

Valve Motion. 

Regulation. 

Cut-off, 

Throttle, 

Pliton*. 
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Pump End 


Valve*. 


Connecting 

Pieces. 


Gy Ides. 


Boxes 


I,#ockcd Niii". 


FIy Wheel 


AIt i’umps. 


72. The area of the suction and discharge 
valves shall be sufficient to insure proper filling and 
discharging of the pumps under all comlitionSy but 
in no case shall the total suction valve area^ or tlie 
total discharge valve area of each engine he less than 
6 square feet. 

73. The valves shall be designed and con¬ 
structed to open and close promptly and quietly, 
shall be tight and of ample strength, and shall he 
especially designed for facility of repairs and re¬ 
newals. 

74. All valve stems of stop and gate water 
valves shall be made of Tobin bronze. 

75. All connecting, piston, plunger and dis¬ 
tance rods, and all movable parts must be of ample 
strength and stiffness to withstand all working 
stresses, 

76. The piston rods, plunger and plunger 
rods, and all reciprocation parts have properly 
designed guides and crossheacis. The cros^heads 
shall have shoes adjustable for w’ear. 

77. AH journals and pins of connecting and 
valve rods, and of all reciprocating and oscillat¬ 
ing rods, shall have well proportioned strap or \m% 
ends having easily removidile composition hojces, 
Babbitt lined wdiere rec|yired, and prc^virled witli 
wedges, keys or liolts for iicljusimeni of wear. Bach 
link or connecting rod sliall at the fliffrirnt ends, 
have provisions for compensation of wear in tlie 
same direction 

78. All strap or hoK ends shall b«* of a shape 
having great strength anti itiffness, Imhliiig the com- 
position boxes securely, and giving a neat aiul work™ 
manlike appearance, 

79. All nuts of pillow Idock vaph bolts and 
follower bolts of pistons, all screw joints of moving 
parts iind mil keys shill he prci\‘itlrd with a secnic 

locking device. 

Ko. If a fiy-wheei is used, the sloifth r.liail re!st 
in pillow blocks very securely and rigidly supported 
at ample distances apart, 

81. The construction of the air pumps must !»e 
such that they will at id! times pertorm their work 
promptly without noise or injiirioiw shocks. 

82. The air pump and all accessory pumps 
required to run the engine*, except the lunlcr feed 
pump, shall be driven from the main engine. 
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MATERIALS. 

83. All materials used throughout this con¬ 
struction must be of the special class and grade 
called for in the specifications and designated in 
drawings, and shall in each case fully stand the 
specified tests. 

84. All castings shall be free from blow holes, 
flaws, scabs and defects of any description, and shall 
be smooth, close grained, sound, tough, and of true 
forms and dimensions. 

85. All casting must be done in accordance 
with the best modern foundry practice to obtain 
castings of the very best quality. Castings above 
500 pounds in weight shall be moulded in dry sand 
or loam. Great care must be taken to make all 
castings as nearly as practicable of uniform thick¬ 
ness throughout. 

86. No plugging or other stopping of holes or 
defects of castings will be allowed. 

87. The cast iron used in the steam cylinders, 
the steam distribution valves, the barrels of air 
pumps and the water plungers shall be close, fine 
grained, hard and uniform in character and of good 
wearing qualities. The cast iron used in all other 
parts of this construction shall be of superior quality, 
tough and of even grain, and shall possess a tensile 
strength of not less than 23,000 pounds per square 
inch. Test bars of the metal 2 inches by x inch, 
when broken transversely, 24 inches between sup¬ 
ports and loaded in the center, shall have a breaking 
load of not less than 2,200 pounds, and shall have a 
total deflection of not less than 0.35 of an inch 
before breaking. 

88. The test bars shall be cast as nearly as pos- * ^*’^*‘*' 

sible to the above dimensions without linishing, but 
corrections will l>e made l)y the Water Commissioner 

for variations in tiiickness and width, and the cor¬ 
rected results must conform to the above require¬ 
ments. 

8(;. If any two test bars, cast the same day, 
show a tensile strength less than 22,000 pounds per 
s{|uare inch, or do not show the required cross 
breaking load or deflection, all the castings made 
from the melting from which the samples were taken 
may be rejected. 

90. All steel castings used in the construction 
shall be thorouglily annealed and possess a tensile 
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strength of 65,000 to 75,0^ poiiucls, anti 15 per 
« cent, elongation in two inches. 

91. All steel forgings used in this construction 
shall be equal to forgings manufactured liy the Otis 
Steel Company, Cleveland, Ohio, and have a tensile 
strength of not less than 75,000 pounds per square 
inch of section, and show an elongation of 20 per 
cent, in eight diameters. 

Wrought Iron. ^2^ All of the wrought iroH used shall be 
tough, fibrous and uniform in character, and speci¬ 
mens broken in the testing machine shall show a 
tensile strength of not less than 50,000 pounds per 
square inch, with an elongation of 18 per cent, in 
eight diameters. 

93, If any specimen of steel or wrought iron 
shall not conform to the above re€|uircments, til 
material of the lot from which the specimen was 
taken, will be rejected. 

94. The Water Cominissioiier may take at ran- 
dom' any wrought iron bolt and nut, and have it 
broken in a testing machine. If toy two bolts shall 
not fill the above stipulated requirements for wrought 
iron, the whole lot of that size and make may be 
rejected; the effective area used in computing the 
breaking strength, will be the area corresponding to 
the smallest diameter at the bottom of the threids, 
when cut in accordance with the U. S, standard. 

^^^«*** 95. Rivets shall be made fiom the liest refined 

iron, and must be capable of being bent cold until 
until the sides are in close contact without sign of 
fracture on the convex side. 

96. All rolled wrouglit iron shapes shall be 
free from twists, bends, seams, blisters, buckles, 
cinder spots or imperfect edges. ■ All sheet and plate 
iron must be^capalile of being workeil at a proper 
heat without injury. 

97* All rods shall be formed in one contimuniM 
rolleii or forged piece without wehL 

Compoiifjr,n. All the composition metal used [excepting 

for Tobin bronze and hand railing] shall*consist of 
the best quality, new material only, of mixtures 
specially adapted for the w’ork in each case, aiul 
approved l>y the Water Commissioner. 

99 ’ Phosphor bronze used must Ik* homo¬ 

geneous and uniform in character, and shall have a 
tensile strength of not less than 3o,ocx^ iKiimds per 
square inch, with an elongation of 15 per lent. in 
eight diameters. 
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loo. All Tobin bronze used must be homo- 
geneous and uniform in character, and specimens 
broken in a testing machine shall show a tensile 
strength of not less than 60,000 pounds per square 
inch, and an elongation of 20 per cent, in eight 
diameters. 

10:. Finished bolts and nuts of Tobin or 
Phosphor bronze may be tested.in the same manner 
as specified for wrought iron, and if any two bolts 
shall not fulfill the requirements, the whole lot of 
that size and make will be rejected, 

102. Test specimens and samples of castings, 
forgings, composition or any other material used in 
this construction, shall be prepared ready for testing 
and supplied in the number, shape, finish and sizes 
required by the water commissioner, and shall be 
prepared as may be directed at any time during the 
pouring or working of the materials. 

For all material taken by the water commis¬ 
sioner for testing, the following pi‘ice§ will be paid, 
which shall include the cost of preparing and finish¬ 
ing the test specimens, viz.: 

For all wrought iron or steel, the sum of ten 
cents per pound. 

For all composition, the sum of thirty cents per 
pound. 

For all cast iron, the sum of three cents per 
pound. , 

All broken material to belong to the city of St. 

Louis. 

103. The Babbitt metal used throughout the Babbin Mcmi. 
construction must be of the following approximate 
proportions by analysis: 88 per cent, pure tin, 

eight per cent, antimony, and four per cent. Lake 
Superior copper. 

104. All rubber for valves and gaskets must Eubber. 
be of a suitable quality, approved by the Water 
Commissioner before it is y^ed. 

105. All other material used in the engines 
and not mentioned in these specifications will be 
subject to inspection, test and approval by the Water 
Commissioner before it is used. 

CONSTHUCTION. 

106. The workmanship and finish of the Workiiiaii.ixip. 
pumping engines throughout shall be equal to the 

best'American practice, and m every respect satis- 
victory to the Water Commissioner. 
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Machine 

Worked. 


loliits. 


Boring, 


Turning. 


Joints. 


JournAis. 


Strapi, etc. 


Scraping, 


107. All surfaces worked in machine tools 
■ must be true and smooth, and accurately conform to 
the drawings in shape, size and alignment. 

108. The bearing surfaces of all sole and bed 
plates and parts resting on masonry shall be planciL 

109. If fly-wheels are used, the parts shall he 
fitted and fastened together in the most careful and 
workmanlike manner and the outer circumferences 
and the sides of the rim shall be turned smooth and 
true. 

no. All joints of bed plate and frame to be 
planed or faced and carefully fitted. 

^ni. The steam cylinders shall be bored in a 
vertical position, perfectly smooth and truly cylin¬ 
drical, with a boring bar of proper tliameter. 

112. All circular flanges shall be faced on the 
outer circumference. 

03. ^All centers of lathe work must be made 
of ample size and carefully preservecL 

114. All corners in lournals and ekewlsere in 
turned work shall be rounded to proper radii. 

115. All steam jointi shall lie made in an 
approved manner, with a very thin gasket of Jenkins* 
Usidurian packing. 

116. ,^11 water joints to be made with rubber 
or paper gaskets, arranged with special care to pre¬ 
vent l.>lowing out. 

117. All seats of steam am! water gates must 
be scrapcil and ground tight. 

iiS. All journals to he turned straight, cylin¬ 
drical and smooth. Particular atiention and care 
shall l»e pa ill to the proper fitting and scraping of 
all journal boxes, to make the same of an extraor¬ 
dinarily good liearing^ surface, and accurate fit to 
their housings or carrying members. 

1 19. Straps, gibs, keys, reamed boltn anil 
boxes of all connecting rods must be fittei! with the 
utmost care and accuracy, and finished in a fhoronjdi 
and workmanlike manner. 

130 . The final fitting marks sliaih fur :i!i 
parts, be preserved for examination and iniivf in ail 
cases 1)0 sati.sfaclory to the \\*.Uer (VunniisHifuuu', 

^121. All journal berxes, |>ins, lu*ys and otluu* 
details of the machinery slndl he taken a|')aif at aiiv 
time during the process of tittiiii^ or crc»'llu|^, \vlu*is 
the Water Commissioner so directs, to allow a thor¬ 
ough examination of fit and workmanship. 




SPECIFICATIONS FOB PUMPING ENGINES. 


287 


123. If gear wheels are used in the valve 
motion of the engines, Aey shall be properly de¬ 
signed and accurately cut in gear cutting machines. 

133. The treads of cams and other parts of the Cajn Treads, 
valve motion subject to intermittent or sudden motion 

and heavy wear shall be of tempered steel or case 
hardened iron. 

134. The tempering or hardening processes 
'must be so conducted that parts will retain their 

proper size and shapes and have the requisite hard- 

H6SS* 

135. All parts of the engines must be well '' »' 

secured and correctly centered with accurately fitted 

dowel pins, reamed bolts or male and female joints. 

126. All flanges must be cast solid, and all 
bolt holes shall be drilled with perfectly sharpened 
and centered twist-drills to insure accurate round 


holes. 

127. All dowel pins must be of proper taper, 
and well fitted; and where necessary, shall have 
proper facilities for removal. 

138. All holes Intended to receive tapering 
parts shall be carefully reamed and ground and the 
tapering parts driven or forced into place. 

129. Nuts and bolts and all threads shall be of 
the U. S. standard, except where special threads are 


Dowel Pins. 


Taper. 


Threads. 


necessary. ^ ^ ^ 

130. The threads and shanks of all bolts above 
§4 inch in diameter shall be cut and turned in the 
lathe, and the ends of all bolts shall be finished to a 
neat conical or hemispherical point. 

131. The resting surface for nuts and heads of 
all bolts shall be faced to present a smooth, plane 


surface, square to the axis of the bolt. 

132. Case hardened, finished and polished nuts Fini.hcdNnt. 
shall be used in all exposed work above the upper 

floor level, and also for all parts requiring frequent 
removal and adju.sting. All other nuts and bolt- 
heads above the upper floor level, and nuts for all 
stulllng boxes, and at such other places as may be 
necesHury, shall l)c Ihiislicd. 

133. Finished Phosphor bronze nuts and 

rolled'i'obin bronze studs and bolts to be used for 
all fastenings inside the pump chambers, and for all 
glands of stuffing boxes of the pump end. _ 

^ 134. Cold pressed nuts shall be used for all 

stationary parts of the pump chambers, and in all 
cases where not otherwise specified. 
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Hexagonal. 

Key*, 

Calking. 

Finishing. 


Lagging. 

Cbverlng. 


135. All nuts and bolt heads shall be hexagonal 
in shape and must be faced on top and bottom. 
The sides shall fit their wrenches accurately, 

136. All key-ways and keys must be accurately 
fitted and properly driven or forced into place, and 
must be of appropriate size and taper. 

^ 137. All riveted work shall be specially 
designed for its particular uses, and executed in a 
thorough and workmanlike manner. 

138. All riveted joints subject to pressure shall 
be thoroughly and neatly calked with a round-nosed 
tool. 

139. All connecting rods, links and valve rods 
shall be draw-file finished. 

140. All bright and specially finished work 
must be of the highest grade and entirely free from 
scratches, specks and flaws. 

141. All visible composition work shall have a 
bright finish. 

142. All exposed machine worked surfaces of 

all parts above the upper floor level and of all mov¬ 
ing parts, except fly-wheels, shall have a brio-ht 
finish. . 

143. The steam cylinders, steam chests, 
reheateis, steam and distribution pipe and other 
heated surfaces of the machinery, when necessary, 
shall be protected by neat mahogany or walnut lag- 

secui ely fastened and held in place by brass 
bands and button-headed brass screws, or by bright 
finished false covers. 

144. All steam pipes and heated surfaces shall 
be protected -with approved non-conductors to the 
depth of flanges. 

^ 45 * The .material to be used in covering 
steam pipes, cylinders, reheaters and all protected 
parts, and the method of its application, shall be 
suDject to approval by the Water Commissioner. 

146, No non-conductors, lagging or false 
covers shall be applied until the construction has 
been thoroughly tested by working steam pressure 
and all leakages and defects developed have been 
thoroughly remedied. 

ERECTION. 

147. The Contractor shall erect in the shop 
such parts of the steam and water ends of the engines 
as may be necessary, in order that the final erection 


Shop. 
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c&n "be carried on witb despatch in a thoiough and 
workmanlike manner. , „ ,. 

148 The Contractor, shall, at his own expense Transporting. 

and risk' transport all parts of the machinery to the 
pumping station, but will be allowed the use of the 
power traveling crane in the engine house for erect- 

ing* 

149. All foundations and piers required for Masonry, 
the support and anchorage of the engines, in addi¬ 
tion to that shown in the city’s drawings, will be 
built by the city of St. Louis, to drawings furnished’ 
by the contractor. All foundation piers will be 
built of first-class coursed cut stone masonry and 
provided with granite capstones of appropriate sizes, 
and charged to the contractor at $20 per cubic yard. 

leo^ The contractor shall deliver at the pump- wau Boxes. 

ing station all bolts, washers, wall boxes,_girders, 
etc intended to be inserted in the masonry, in ample 
Seta prevent delay during the building of the 

foundation walls and piers. .1 i r 

Ku The contractor shall be responsible for 

the proper and exact location of all parts, when 
placed in accordance with his dravvmgs and templets. 

^ icz. The contractor shall do all work neces- in pit 
sarv to erect, fit and secure the engines in the pu™P 
pit^upon the foundation piers as completed and built 

bv the city of St. ^ i i i 4. 

^ ^ Every sole plate, girder, bed plate and Rust joint, 

casting resting on or secured to masonry, shall be 
provided with a rust joint of sufficient thickness, 

Lrcfully driven and packed and consisUng of ingie- 
Suts satisfactory to the Water Comrnissjoner. 

^ li Great care shall be taken in the erection seartog.. 
of the cngine.s to place and secure the various sole 
nnd bed plates upon solid, plane and srnooth bear- 
All ioints between stationary details must be 
Sc wTth Ihe utmost accuracy and prec^.ou insur¬ 
ing perfect and permanent alignment. None of the 
parts shall be unduly strained m lining up. 

^ 155 . The contractor shall so conduct his oper- o.h« work, 

ations^as not to interfere with the work of othei 

contractors, and the disposal of 

rials during storage and erection will be subject 

the approval of the Water Commissioner. 

1 e6. The party of the second part will furnish water, 
and set the gate valves of the suction pipes, but the 

.hall pump <>«■ ‘U “ 
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Damage to 
Masonry, 

etc. 


Storage of 


the pump pit before commencing erection, and do 
all necessary pumping during erection of engines. 

Protection ijy. All finished parts must be well protected 

in shops and during transportation to prevent injury 
and abrasion. 

Damage. 158. All injured parts must be replaced, when 

in the judgment of the Water Commissioner, refit¬ 
ting will not suffice. 

Cleaning up. ijp. The Contractor shall remove all staging 
used in erecting the engines, and leave the pump 
pit, engine room and premises neat and clean. 

^Ssonry° Contractor shall, at his own cost, 

etc. ’ make good all damages to masonry, buildings, or 
other property of the city of St. Louis, occasioned 
by the contractor or his employes in the transporta¬ 
tion and erection of the machinery. 

^*Machiner Louis will fumish space 

within its premises for the reception of the various 
parts of the machinery, but shall not be responsible 
for the safe keeping of these parts, nor for damage 
caused to them from exposure or other cause. 

PAINTING. 

162. All castings and details must be inspected * 
and approved before painting, and in no case shall 
the paint or pitch be applied until all surfaces are 
trimmed and thoroughly cleaned. 

VaSSsh. ^^3; unfinished iron work not visible from 
the engine room floor (except where otherwise 
required) and that above the floor intended to be 
encased, shall be thoroughly painted inside and out 
with three coats of No. i paraffine varnish, applied 
hot. The first coat shall be put on at the shop, and 
the others after erection, excepting for inside surfaces 
of pumps, pipes, etc., which shall receive two coats 
at the shop and one after erection. 

►ii paint. unfinished iron work visible from the 

•engine room floor, shall be thoroughly cleaned, 
rubbed down and painted with four coats of a good 
quality of paint and strictly pure linseed oil. The 
first coat shall be put on at the shop and the others 
after erection. 

165. The paint shall be of a grade and color 
approved by the Water Commissioner, and shall be 
applied, striped and varnished to his satisfaction. 

166. All parts to be covered by non-conduc¬ 
tors must be thoroughly cleaned and freed from 
rust, and painted with three coats of paint of a kind, 


Paraffine 

Varnish. 


Oil paint. 
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<^olor and quality to be determined by the Water 
Commissioner before application of the non-con¬ 
ductors. 

167. All finished and polished surfaces must Finish^^^^ 
l>e kept entirely free from rust until erected and 
finally accepted. 

TESTING. 

168.. After erection has been completed, and Pressure. 
t>efore the final painting, a blank flange shall be 
bolted on the out-door end of the discharge pipe, 
a.nd the whole construction tested wdth hydraulic 
F>ressure. A force pump shall be connected to the 
discharge pipe, and a pressure of 200 pounds per 
square inch applied in such manner as to test the 
pumps, pump valves, air vessels, discharge pipes, 
pump rods and the frames of the engines.^ After 
this test the engine is to be run to full capacity, dis¬ 
charging through the pressure relief valves for the 
purpose of testing same ; a further test to be made 
by suddenly opening gate on pump main to test 
speed controlling device mentioned in section 67. 

These tests must be conducted by the contrac¬ 
tor with great care and in a manner satisfactory to 
the Water Commissioner. 

The contractor shall furnish all labor necessary, 
and all piping, cocks, valves, granges, force pumps, 
flanges and appliances required in the tests. 

169. For the purpose of determining the duty Duty Test, 
of the engines furnished under this contract, there 

shall be an expert duty test of twenty-four hours 
continuous run for each engine. These tests shall 
he conducted by three experts, one to be selected by 
the Water Commissioner, one by the contractor, and 
the two thus named to select the third. 

The duty tests shall be conducted for one engine 
at a time, unless otherwise ordered by the Water 
Commissioner. 

170. The water of condensation fi'om all 
steam jackets and reheaters shall be gatheied and 
its weight carefully determined, and it shall be 
charged against the engines during all of the duty 
tests. 

171. The total weight of water fed to the 
boilers during the tests, shall be considered the 
amount of steam used when corrected for entrain¬ 
ment exceeding two per cent. 
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17a. Steam used for running the boiler feed 
pumps during the duty tests will not be charged 
against the engines. 

Expert Tc«t. 173. The twenty-four hours duty test shall be 
made with the water in the wet well at an approxi¬ 
mate elevation of 110, and shall be conducted by 
the experts selected in accordance with section 169 
of this contract. 

Speed. 174. If, in the opinion of. the Water Commis¬ 

sioner, the speed of the engines at any time during 
the twenty-four hours test is such as to jeopardize 
their safety, he shall have the right to order them 
run at such reduced speed as will give a smooth and 
quiet action. 

Hcad(h). 175. The head (h) to be inserted into the 

formula for computing the duty of the engines dur¬ 
ing the running test, shall be ascertained by attach¬ 
ing a gauge to the discharge pipe close to where it 
turns into and runs through the foundation walls of 
the pit, and by the elevation of the water in the wet 
well. 

176. Any part or detail of the engines show¬ 
ing* undue strain or weakness of any description, 
must be replaced, and all defects developed in these 
tests shall be corrected by the contractor to the 
entire satisfaction of the water commissioner. 

ADDITIONAL APPLIANCES. 

Wrenches. 1 77 * The contractor shall furnish for all sizes 
of bolts a complete set of wrenches for each engine, 
accurately fitted to the respective sizes of nuts. The 
wrenches for all finished nuts about the engines shall 
have a bright finish and shall be marked with their 
respective sizes. 

178. Each engine shall be provided with one 
steam gauge, graduated from o to 250 pounds, one 
vacuum gauge, one suitable steam gauge on each 
receiver (if such be employed in the construction), 
and one engine revolution counter; all of them to 
have brass cases, triple silver plated, and placed 
convenient for observation. The dials of gauges to 
be ten (10) inches in diameter. 

179. Each of the air vessels of the pumps shall 
be provided with one glass water gauge of satisfac¬ 
tory design. The hot well for each engine shall be 
provided with a suitable, permanently attached 
tliermometer of appropriate design. 
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180. The contractor shall furnish one steam indicatoxs* 
indicator for each steam cylinder and three indicators 

for the main pumps, and one indicator for the aii 
pumps. The indicators shall be the Thompson, 

Crosby or Tabor. 

181. Each steam cylinder, main and air pumps 
of the two engines shall be provided with permanent 
piping, fixtures and motion appliances for attaching 
and working the indicators. All valves, cocks, 
pipes and appliances for the attachment of the indi¬ 
cators to the steam cylinders and pumps shall be 
made of composition, of ample size and complete in 
every respect. 

182. All journals must be provided with sight- on Cup», 
feed oil cups. There shall also be brass drip pans 

or pockets at all journals and oiling places to catch 
lubricants. 

183. The steam cylinders shall be fitted with 
sight-feed lubricators. 

184. There shall be valves, pipes and drip 
pans at all places where necessary, for receiving and 
conveying water from stuflSng boxes, etc. 

185. The contractor shall furnish an extra set 
of suction valves and an extra set of discharge valves 
with all parts complete. 

REPAIRS. 

186. Near the end of the year of probation, 
the Water Commissioner will make an examination of 
the engines, and any part or detail found to be de¬ 
fective or injured through excessive wear, overstrain, 
bad material or faulty design, shall be replaced by 
the contractor, at his own cost and expense, to the 
satisfaction of the water commissioner. 

The said part of the first part further agree Q* 
that all the work contemplated and described in this 
contract and the foregoing specifications, shall be 
done in accordance with the general drawings 
approved by, and on file in the olfice of, the board 
of public improvements, and with the detail work¬ 
ing drawings submitted to and approved by the 
Water Commissioner. It is further agreed that the 
drawings and specifications form a part of this con¬ 
tract, and that, if any discrepancies appear between 
any of the drawings and the specifications, or between 
any of the several drawings in themselves, such dis¬ 
crepancies shall be adjusted by the contractor to the 
satisfaction of the Water Commissioner. And it is 
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further expressly agreed that the approval of the 
general and working drawings shall not in any case 
relieve the contractor from any of his responsibilities 
under this contract. 

The said part of the first part hereby expressly 
agree that the inspection of materials and work^ 

manship shall not relieve--of any 

of-obligations to perform sound 

and reliable work, as herein described. And the 
said part of the first part further agree to repair 
or replace any defective part or piece of the pump¬ 
ing engines during one year from the end of the 24 
hours running test, at his own cost and expense. 

And it is further agreed that during the afore¬ 
said year, the Water Commissioner may make all 
necessary repairs requiring prompt attention, and 
that the cost of such i^epairs shall be borne by the 
contractor. 

And it is further agreed that any work not 
herein specified which may be fairly implied as 
included in this contract, of which the Water Com¬ 
missioner shall judge, shall be done by the con¬ 
tractor without extra charge. The contractor shall 
also do such extra work in connection with this con¬ 
tract as the Water Commissioner may in writing 
specially direct, and the price for such extra work 
shall be fixed by the water commissioner, but no 
claim for extra work shall be allowed, unless the 
same was done in pursuance of a written order, as 
aforesaid. 

The said part of the first part further 
agree that the work embraced in this contract shall 
be begun within one week after written notice so to 
do shall have been given to the contractor by the 
Water Commissioner, and continued (unless the said 
commissioner shall otherwise in writing specially 
direct), with such force and in such manner as to 
secure its completion within twenty-six months 
thereafter, the time of beginning, rate of progress, 
and time of completion being essential conditions of 
this contract. And the part of the first part fur¬ 
ther agree that if the pumping engines to be 
furnished under this contract are not completed at 
the time above specified, then there shall be retained 
by said second party, as ascertained and liquidated 
damages, the sum of fifty ($50.00) dollars per day 
for every day thereafter until said engines are ready 
for service. 
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The party of the second part agrees to have the K 
pump pits ready for the commencement of the 
erection of' the engines •within twenty months, and 
to have the steam ready for testing and running the 
engines twenty-three months after the date of the 
above notice to begin work. 

And the part of the first part further agree L 
that shall not be entitled to any claim for any hind- 
rarice or delay from any cause whatever in the 
progress of the work, or any portion thereof; but 
any hindrance or delay occasioned by the party of 
the second part shall entitle said part of the first 
part to an extension of the time for completing this 
contract, sufficient to compensate for the detention, 
the same to be determined by the Water Commis¬ 
sioner. 

The said part of the first part further agree M 
that will not sublet the work to be done under this 
contract, but will keep the same under control, and 
that will not assign the same by power of attorney 
or othemise, and that will at all times have a rep¬ 
resentative present where any work is in progress 
under this contract. Whenever it may be desired to 
give directions, orders will be given by the Water 
Commissioner and obeyed by the contractor’s repre¬ 
sentative who may have charge of the particular 
work in reference to which orders are given. If any 
person employed by the contractor on the work 
should appear to the Water Commissioner to be 
incompetent or disorderly, he shall, upon the requisi¬ 
tion of the Water Commissioner, be at once dis¬ 
charged and not again employed. 

It is further agreed tliat if the part of the first N 
part shall assign this contract, or abandon the work 
to be done under this agreement, or shall neglect or 
refuse to comply with the specifications or stipula¬ 
tions herein contained, the board of public improve¬ 
ments shall have the right, with the consent of the 
mayor, to annul and cancel this contract, and to 
relet the work or any part thereof; and such annul¬ 
ment shall not entitle the contractor to recover 
damages on account thereof; nor shall it affect the 
right of the City of St. I^ouis to recover damages 
which may arise from such failure. 

And the said first part hereby agree to pro- O 
tect and defend and save harmless the said city of 
St. Louis against any demand for patent fees on any 
patented invention, article or arrangement that may 
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be used by said first part in the pumping engines 
furnished under this contract. 

The said part of the first part further agree 
to indemnify and save harmless the City of St, Louis 
from all suits or actions brought against the said city 
on account of injuries or damages received or sus¬ 
tained by any party or parties during the construc¬ 
tion of the pumping engines, or by or in consequence 
of any negligence in guarding the same, or any 
improper materials used in the construction, or by 
or on account of any act or omission* of the said 
part of the first part or agents. 

The part of the first part further agree that 
each engine furnished under this contract shall have 
a pumping capacity of ten million U. S, gallons in 
twenty-four hours,^ The capacity to be at a speed 
that will insure smooth and quiet action, and to be 
determined by the experts during the duty test. 

The part of the first part hereby agrees that 
the pumping engines furnished under this contract 
shall perform, during a running test of twenty-four 
hours, a duty of one hundred and twenty-five million 
foot-pounds per thousand pounds of commercially 
dry steam. 

The part of the first part further agree that 
in case either engine fails to perform a duty of one 
hundred and twenty-five million foot-pounds per 
thousand pounds of steam, during the working test 

twenty-four hours,-will pay to the party of 

the second part, as an agreed measure of damages 
for lack of efficiency of the engine, in the ratio of 
$2,500.00 for each one million foot-pounds which 
the duty falls below one hundred . and twenty-five 
million. 


In case either engine exceeds, during the 
twenty-four hours working test, an average duty of 
one hundred .and twenty-five million foot-power per 
thousand pounds of steam, the party of the second 
part agrees to pay to the part of the first part, as 
a reward for the superior efficiency of the engine 
an amount to be in the ratio of $1,000.00 for each 
one million foot-pounds which the duty comes above 
one hundred and twenty-five million. 

On condition of the true and faithful perform- 
the conditions of this agreement and 
specifications, the said party of the second part 
apees to pay to said part of the first part the ium 
dollars, subject to such additions or 
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deductions as are authorized by the provisions and 
conditions of this contract, in full payment for all 
the work and materials, designs and drawings 
required by this contract, embracing the satisfactory 
construction and erection of such pumping engines 
and appurtenances as are herein defined and 
described in all their parts and requirements. 

Payments on account will be made as follows, 

viz.; 

a. On or about the first of each month, the T 
Water Commissioner shall cause an approximate esti¬ 
mate to be made of the value of the materials and 
word done, based on the total amount to be paid for 
the engines; from the amount so found he shall 
deduct 20 per cent, and all sums previously paid or 
retained under this contract, and certify the remain¬ 
der as then due. Provided, however, that nothing 
herein contained shall be construed to affect the 
right of the City of St. Louis, hereby reserved, to 
reject the whole or any portion of the work afore¬ 
said, should the said certificates be found or known 
to be inconsistent with the terms of this agreement 
or otherwise improperly given. ’ 

h. When the twenty-four hours running test 
shall have been sati.sfactorily completed, the Water 
Commissioner shall make an estimate for the amount 
of the contract price, less lo per cent., and all sums 
retained under this contract. 

It is further agreed that the water commissioner 
shall have charge of and operate the engines furnished 
under this contract, during the twenty-four hours 
duty test, and the year following, and tliat the 
part of the first part shall not he relieved or 

relea.sed thereby from any of-obligations under 

this contract. 

At the eiui of said year, the pumping engines 
and appiu tenances, if found to he in good w'orking 
condition, shall he finally accepted, and the Water 
Commis.sioner shall make aiul certify a final estimate 

responsibility of 

said first part shall then cease. 

The said part of the first part further agree U 
that .shall not be entitled to demand or receive 
payment for any portion of the aforesaid work or 
materials, except in the manner set forth in this 
agieement; nor until each and all of the stipulations 
hereinbefore mentioned are complied with, and the 
Water Commi.s.sioncr shall have given his certificate 
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to that effect. The party of the second part hereby 
agrees and binds itself to pay the said part of the 
first part in cash, the whole amount of money accru¬ 
ing to the said part of the first part under this 
contract, excepting such sum or sums as may be 
lawfully retained under any of the provisions of this 
contract hereinbefore set forth, upon the giving by 
the said part of the first part to the party of the 
second part a release from all claims and demands 
whatsoever growing out of this agreement. 

This agreement is entered into subject to the 
city charter and ordinances in general, and in partic¬ 
ular to the following provisions of Article VI., sec¬ 
tion 28, of said charter, to wit: 

The aggregate payments under this con¬ 
tract shall be limited by the appropriations made 
therefor. 

On ten day’s notice the work, under this 
agreement, may, without cost or claim against the 
city, be suspended by the board of public improve¬ 
ments, with the approval of the mayor, for want of 
means or other substantial cause. Provided, that on 
the complaint of any citizen and tax payer, that any 
public work is being done contrary to contract, or 
the work or material used is imperfect or different 
from what was stipulated to be furnished or done, 
the said board shall examine into the complaint and 
may appoint two or more competent commissioners 
to examine and report on said work, and after such 
examination, or after considering the report of said 
commissioners, they shall make such order in the 
premises as shall be just and reasonable, and what 
the public interests seem to demand, and such decis¬ 
ion shall be binding on all parties. The cost of such 
examination shall be borne by the contractor, if such 
complaint is decided to be well founded, and by the 
complainant if found to be groundless. 

Ordinance 16,514, approved December zzd, 
1891, is hereby made part of this contract, and must 
be observed in all its provisions, namely: 

Section i. All contracts hereafter entered 
into wherein the City of St. Louis is a party, for the 
doing of any kind of work or labor for the City of 
St. Louis, including work on all public buildings, 
works and enterprises, shall contain the following 
terms and conditions: («) That the men, persons 
or laborers who may be employed in the doing, 
prosecuting, or accomplishment of such work done 
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tiy the contractor with the City of St. Louis, or any 
one under him, or any person controlling the said 
men, persons or laborers, shall not be required to 
work more than eight hours a day; (3) That in case 
of the violation of such provisions of such contracts 
the mayor shall immediately declare such contracts 
canceled and forfeited, and the work being done 
under such contracts shall be relet in the manner 
provided for the letting of such work, and such con¬ 
tractor shall thereafter be ineligible to bid upon such 
work under such reletting, and the difference in the 
cost of doing such work under such contract so can¬ 
celed and forfeited, and under such reletting, shall 
be sued for on the bond of such contractor so violat¬ 
ing such contract. 

For the faith ful f erformance of all and singu¬ 
lar the terms and stipulations of this contract in 

every particular, the said-part of the first 

part, as principal, and--as securities, hereby 

bind themselves and their respective heirs, executors 
and administrators, unto the said City of St, Louis 

in the penal sum of-dollars, lawful money of the 

United States, conditioned that in the event the said 

-shall faithfully and properly perform the 

foregoing contract according to all the terms thereof, 
and shall as soon as the work contemplated by said 
contract is completed, pay to the proper parties all 
amounts due for material and labor used and em¬ 
ployed in the performance thereof, then this obliga- ' 
tion to be void, otherwise of full force and effect, and 
the same may be sued on at the instance of any 
material man, laboring man or mechanic, in the name 
of the City of St. Louis, to the use of such material 
man, laboring man or mechanic, for any breach of 
the condition liereof; provided, that no such suit 
shall be instituted after the expiration of ninety days 
from the completion of said contract. 

In witness whereof, the said-part of 

the flr.st part, as principal, and-securities, 

paities of the first part, have hereunto set their hands 
and seals rc.spectively, and the City of St. f.ouis, 
party of the second part, acting by and through the 
board of public improvements aforc.sai(i, have sub- 
scubed these presents the day and year first above 
written. 

WITNESS: 

- ' [seal] 

-_____-[seal] 

-[seal] 

—-[seal] 
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The City ot St. Louis by- 

President Board of Public 
Countersigned; -^- 


Improvements* 

Comptroller. 


City Counselor's Office. 

St. Louis,-——^18— 

The foregoing Agreement and Bond are in due 
form according to law. 


City Counselor. 


Mayor’s Office. 

St. Louis,--18— 

I hereby approve of the Securities to the fore¬ 
going Contract and Bond. 


Mayor. 

M. L. H. 

169. Complete General Specifications for Water 
Tubular Boilers and Settings. The following complete 
general specifications for horizontal water tubular boilers were 
used in connection with the engine specifications given in the 
previous article, and the contract was let under similar contract- 
ing, general, and surety clauses. These portions are omitted 
from these specifications for the sake of brevity. They were 
prepared by the same gentleman who prepared the specifica¬ 
tions in the last article, and are thought to represent an equally 
good practice. 

I. The work to be done consists in furnishing 
designs and plans, material, tools and labor, and 
. building, transporting and erecting complete in 
place, ready for firing, in the boiler-house at Bissell’s 
Point, eight horizontal water tube boilers, the 
boilers to be provided with all necessary valves, 
gauges, breechings and connection to underground 
smoke flue. 


DESIGN. 

^ 2. The boilers to be of the type designated as 
horizontal^ water tube boilers, designed and built 
with special reference to easy access for cleaning 
^d repairing of both internal and external surfaces. 
The boilers to be designed for natural draft of pres- 
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ent smoke stack. No stays or obstructions of any 
kind shall be placed inside of the water tubes. 

3. The boilers to be designed for a working 
steam pressure of t40 pounds per square inch, with 
a factor of safety of six on minimum sections. 

4. Each boiler shall have a total tube heating 
surface of not less than 3,000 square feet, and a 
grate area equivalent to 75 square feet of straight 
grate. 

5. The boilers to be provided with smoke pre¬ 
venting furnaces, which shall effectually stop smoke 
while burning southern Illinois coal at a rate of from 
twenty (20) to twenty-five (25) pounds per square 
foot of grate per hour. The furnace shall be some 
well tested and approved device for prevention of 
smoke, which does not use a steam jet or a system 
of brick arches in the fire box. 

6. The boilers to be set in four independent 
batteries, as shown on drawing, each boiler to be 
provided with walls, settings, valves, gauges, smoke 
breeching and dampers necessary for operating or 
repairing independently of other boilers. * 

7. The fire fronts shall be designed to facili¬ 
tate firing and removing ashes. The fire doors to bo 
of suitable design to secure the regulation of air 
admitted to the fire, and prevent radiation through 
the fire door openings during regular service. The 
boiler dampers to be arranged to regulate from front 
of boiler. 

8. _ Each boiler to have an eight-inch stop valve, 
admitting of independent connection to main steam 
pipe. 

To each boiler there shall also be attached, 
besides the eight-inch stop valve, two three and a 
half inch improved pop safety valves, placed in such 
positions that their escape pipes will not interfere 
with the roof trusses or sky-lights of the boiler 
house. 

9. All steam drums to be made of steel plates 
of the quality hereinafter specified. 

10. 1 he boilers to be set and supported in a 
manner admitting of expansion and contraction of 
the same, without injury to the brick work or boilers 
in any way. 

All beams required to support or carry the 
boilers to be of ample strength, and must be either 
wrought iron or steel. 
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There shall be central air spaces in all walls 
enclosing the boilers. 

FITTINGS AND APPURTENANCES. 

II. The contractor shall furnish and put In 
place all necessary valves, steam gauges, water glass 
gauges, safety valve escape pipes, and all appurte¬ 
nances, and make connection to steam main, feed 
and blow-off pipes and underground smoke flue. 

Wrenches. 12. For all uuts on the boilers and fittings, 

there must be furnished well-fitted wrenches. 

steam Gau^^es The Steam gauges shall be attached to the 

and Plugs, boiler fronts with nickel-plated brass siphon pipe 
and cocks, in a neat manner, admitting of easy 
removal. 

The feed-water valve of each boiler to be pro¬ 
vided with a suitable arrangement for its regulation 
from the front of the boilers. 

Steam gauges to be brass case, nickel-plated, 
fourteen inches in diameter, maximum pressure 250 
pounds, five-pound divisions. 

14. Each boiler to be provided with three 
Bailey’s safety copper cap fusible plugs, or other 
safety plugs of equally good manufacture and satis¬ 
factory fusibility. 

Drains. There shall be suitable copper spouts and 

polished brass piping wherever visible, to catch the 
steam and water from the gauge cocks and glass 
water gauges, and they shall be piped and connected 
to the ash box in an acceptable manner. 

16. Steam valves above six inches in diameter 
shall have steel stems, provided with phosphor 
bronze nuts, and the glands of all stuffing boxes shall 
be of composition. 

17* All valves, fittings, fixtures and appurte¬ 
nances used shall be of the best design. 

18. The ‘ steam drums and all parts of the 
toilers and pipes not covered by brick work, and 
the breechings to be covered with magnesia cover- 
ing, not less than one and a half inches in thickness, 
thoroughly secured in place. ’ 

a 19* Hand hole plates must be secured in an 
approved manner, to insure the greatest possible 
safety against accidents from breaking of fastenings. 

materials. 


/material used throughout this con- 
struction must be of the special class and grade called 
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for in the specifications, and shall in each,case fully 
stand the specified tests. 

21. All plates in the boilers to be made of Plates. 
«teel. 

The steel plates used in these boilers must be 
stamped with the maker’s name and the tensile 
strength; to be homogeneous and of uniform qual¬ 
ity, to have a tensile strength of not less than 55,000 
pounds, nor more than 63,0.00 pounds per square 
inch, an elastic limit of at least 30,000 pounds per 
square inch, and an elongation of at least twenty- 
four (24) per cent, in eight inches., 

Specimens must stand the following bending 
test, viz.: 

To bend double, closing up completely without 
•showing sign of fracture when bent cold, or after 
having been heated to a cherry I'ed and plunged into 
water at 70 degrees Fahrenheit. 

The water commissioner shall have the right to 
order test specimens 2x14 inches, to be cut out of 
any of the plates to be used in the boilers. 

22. All wrought iron for bolts, nuts or other'brought iroiv. 
purposes shall be double refined, and have an ulti¬ 
mate tensile strength of at least 52,000 pounds per 

square inch, an elastic limit of 26,000 pounds per 
square inch, and an elongation of eighteen (iS) per 
cent, in eight inches. 

33. Rivets to be Burden’s best, and must be 
capable of bending cold until the sides are in close 
contact, without sign of fracture; and iron used for 
screw stays, stay bolts and braces to be of best 
quality of American manufacture. 

24. Tubes to be lap-welded of the best quality Tubes. 

■of American manufacture, of a diameter of 3J4 
inches or 4 inches, and must stand a satisfactory 
hammer test. 

25. All castings shall be free from blow holes, ‘lasting*, 
flaws, scabs, and defects of any description, and 

shall be smooth, close-gi'ained, sound, tough, and of 
true forms and dimensions. 

Great care must be taken to make all castings, 
as nearly as practicable, of uniform thickness 
throughout, when not otherwise required. 

26. All cast iron used under steam pressure Casting*, 
shall be of good quality, tough and of even grain, 

and shall possess a tensile strength of not less than 
22,000 pounds per square inch. 
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Specimens. 


Test bars of the metal, two inches by one inch, 
when broken transversely, twenty-four inches be¬ 
tween supports and loaded in the center, shall have 
a breaking load of not less than 2,200 pounds, and 
shall have a total deflection of not less than of 
an inch before breaking. 

The test bars shall be cast as nearly as possible 
to the above dimensions, without finishing, but cor¬ 
rections will be made by the water commissioner for 
variations in thickness and width, and the corrected 
results must conform to the above requirements. 

27. If any two test bars, cast the same day, 
show a tensile strength less than is required in these 
specifications, or do not show the required cross 
breaking load or deflection, all castings made from 
the melting from which the samples were taken may 
be rejected. 

28. Test specimens and sampjes of castings 
and forgings, or any other kind of material used in 
this construction, shall be prepared ready for testing 
and supplied in the number, shape, finish and sizes 
required by the water commissioner, and shall be 
prepared as may be directed at any time during the 
pouring or working of materials. 

29. The stamps put upon the steel sheets by 
the manufacturer must at all times be preserved for 
identification, and so placed as to be visible on the 
outside of boilers; if any stamp is cut out in process 
of manufacture, the water commissioner shall first 
replace it by a duplicate stamp. 

WORKMANSHIP. 


30. The best workmanship on these boilers 
will be exacted, and it must be equal in all respects 
to that executed in the best boiler works in this 
country. 


3^* All holes for bolts, studs and rivets in 
castings must be drilled. No cored bolt holes will 
he allowed. 

No plugging or other stopping of holes or 
defects of castings will be allowed. 

Any rivet which is .deformed, cracked, 
burnt, improperly driven, leaky, or in any way 
injured, must be cut out and properly replaced. 

hf* sheets, and other parts to 

brought together to close con¬ 
tact and accurately fitted, with bearing surfaces 
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smooth and clean, and while being riveted to be 
held firmly in position and alignment without exert¬ 
ing injurious strains upon any portion or detail of 
the boiler. 

34. The use of drift pens, to bring rivet holes 
to match, or come true and central, will not be 
allowed in the process of riveting, and must be dis¬ 
pensed with entirely. The utmost accuracy in 
punching the rivet holes will be exacted. Rivet 
holes failing to fit, or come fair and true, must be 
reamed out accurately, and rivets of suitable size 
used. 

35. All sheets of the boilers must be satisfac- sheeu. 
torily straightened before biing planed, bent, flanged, 
drilled, fitted, etc. 

36. All scarfing to be done in a neat and 
workmanlike manner. Sufficient allowance of 
material must be made at all places where scarfs are 
required. 

37. The edges of all sheets to be planed to a 
suitable bevel. 

38. All seams to be caulked on both sides cauiking. 
where accessible. 

All caulking to be done in the best manner, 
with round-nosed caulking tools; great care to be 
taken not to mar the sheet or rivets. 

39. The threads of all studs, bolts, screw Threads, 
stays, stay bolts and nuts, to be chased with great 

care and skill, to insure uniformity in pitch and 
accuracy in fit. 

All holes which are to receive bolts, screw 
stays, studs or stay bolts, to be accurately centered, 
drilled and tapped, to give a desirable fit and tight¬ 
ness of the threads. 

The stay bolts, screw stays and studs to be 
entered, screwed in and riveted in a careful and 
workmanlike manner, to insure true and parallel 
surfaces and an equitable distribution of the stress 
upon all of the sustaining members. 

40. All expanding of tubes and nipples shall 
be done in a careful and workmanlike manner, and 
shall be absolutely water-tight under the test pres¬ 
sure. 

41. The fire, ash and cleaning doors to be Doora. 
fitted air-tight to their seating or bearing surfaces. . 

All holes in the lugs for hinges of the doors 
used in the construction to be drilled and reamed, to 
accurately fit the turned pins for same. 
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42. The brick work must be executed in a 
thoroug’h and workmanlike manner, the brick used 
to be strictly first-class in every respect. Outside of 
setting to be laid with stock brick in white mortar; 
inside, where exposed to heat, to be lined with best 
quality fire brick: 

43. All red bricks to be laid in mortar of 
approved quality, and all fire brick to be laid in 
ground fire clay. 

FOUNDATIONS. 

romidation*. 44. The city will furnish complete found ations 
for the boilers, the position in the house to be as 
shown on plans on file in the office of the water 
commissioner, and the space occupied by each bat¬ 
tery of boilers to be not greater than that shown. 

GENERAL CLAUSES. 




Freaatirc Test. 45. The boilers shall be tested by the con¬ 
tractor with a water pressure of 210 pounds per 
square inch, under which they must be water-tight. 

46. When the boilers shall have been tested to 
the satisfaction of the water commissioner, they 
shall be thoroughly scraped, cleaned, dried and 
painted outside with one coat of linseed oil. 

47. The fire front, fire and ash doors, and 
other cast and sheet iron parts, except grate bars, 
after approval shall be painted in the shop wdth one 
coat of paraffine varnish, and after erection they 
shall receive another coat of the same. 

Brectipn. 'Phe contractor shall, at his own expense 

and risk, transport the boilers and appurtenances to 
Bissell’s Point, furnish all necessary labor, tools and 
appliances, and erect the same complete, as above 
specified. 

Every possible and necessary care must be taken 
in handling and transporting the boilers, to prevent 
injury of any description to the same. 

49. The contractor shall so conduct his work 
as not to interfere with the operation of any boilers 
under fire, and the disposal of his tools and materi¬ 
als, during storage and erection, will be subject to 
the approval of the water commissioner. * 

5 ®* The contractor shall, at his own cost, make 
good all damages to masonry, buildings or other 
property of the city of St. Louis, occasioned by the 
contractor or his employees in the transportation and 
erection of the machinery. 
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51. The city of St. Louis will furnish space storag^e, 
within its premises for the reception of the boilers 

and details, but shall not be responsible for the safe 
keeping of the same, nor for damage caused to them 
from exposure or other causes. 

52. The city will remove the old boilers and 
prepare foundations below the floor line for new 
boilers, contractors to furnish castings to be set in 
underground flue for smoke connections. 

53. The contractor shall get all finished mate¬ 
rials on the ground at the earliest possible moment, 
and proceed with the erection of the same as soon as 
notified by the water commissioner. 

The work of erection in place, ready for firing, 
shall be carried on continuously, night and day, and 
the contractor shall provide for that purpose three 
complete erecting gangs. 

If at any time during the erection the water 
commissioner shall be of the opinion that the work 
can be expedited by the employment of additional 
labor or tools, he shall order the contractor to make 
uch increase in his working force or appliances as 
le may deem necessary to secure the most rapid 
progress possible; and it is especially understood 
and agreed that if the contractor fails to put the 
required force at work promptly, that the water 
commissioner shall employ such labor as he may 
deem necessary, and charge the cost of the same to 
the contractor. 

54. The contractor shall bear the cost of mak¬ 

ing all repairs necessitated by defective materials, 
workmanship or design of the boilers and furnaces 
for the space of one year after the boilers are put 
into regular operation. M. L. H. 

170. Speciflcations for an Engine House. The 
following specifications for an engine house differ from those 
in the two previous articles inasmuch as they were accompan¬ 
ied by complete detail drawings. The contracting and surety 
clauses are here omitted, since they would be the same as those 
given in article 168. This engine house covers three large pump 
pits, designed for three sets of low service pumping engines, 
and it is entirely without a^floor, nearly the entire space being 
occupied by the pits. The walls rest directly upon the natural 
rock, and an electric traveling crane is carried by a track near 
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the top of the two side walls, this crane spanning the entire 
opening and running the entire length of the building. The 
side walls, therefore, were made very strong and substantial. 

Work to be Tl\e work to be done consists in building 

and finishing complete Low Service Engine House 
at Chain of Rocks, St. Louis City Water Works 
Extension. The foundation on which the structure 
will rest is now completed. The work is shown in 
detail on the following drawings : 

No. 1. Elevation of side walls. 

<< 2. ** end walls. 

3. Longitudinal section. 

** 4. Transverse sections. 

5. Plan below traveler. 

6. '' above " 

** 7. Gallery plan. 

8. EoOfplan. 

<< 9. Eoof plan for iron trusses. 

** 10. Cut stone courses. 

'' 11. Details of stone faced door and window 
openings, terra cotta details. 

. ** 12. Details of cut stone in comice, fire walls 
and brick arches. 

13. Details of windows, doors, ceiling and cast 
iron door sill. 

" 14. Details of large sliding doors and hangers, 

** 15, Details of door and window frames. 

** 16. Details of sky lights. 

'' 17. Details of galleries, stairs, ladders, balcony 
and door sills, 

** 18, Details of iron trusses. 

** 19. Strain sheet. 

20. Details of brick cornice, fire walls, etc. 
MORTAR. 

2. All sand for mortar shall be clean, sharp, 
coarse, Mississippi river channel sand. 

3. All cement used in the masonry shall be H. 
H. Meier’s Puzzolan cement, put up in well-made 
barrels. 

4. It shall be subject to such tests as may be 
necessary to fully determine its character, and any 
cement which, in the opinion of the water commis¬ 
sioner, is unfit for the work herein specified will be 
rejected. 

5. All short weight or damaged barrels of 
cement, or cement without the maker’s brand, will 
be rejected without test. Samples for testing shall 

e furnished^ at such time's and in such manner as 
may be required. On all barrels accepted inspection 
marks will be placed, and the contractor shall care- 


Sand. 

Cemeat. 
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fully preserve these marks and not allow them to be 
imitated. 

6. All cement for use on the works shall be 
kept under cover, thoroughly protected from moist¬ 
ure, raised from the ground—^by blocking or other¬ 
wise—and dry until used. The contractor shall 
keep in storage a quantity of accepted cement suffi¬ 
cient to insure the uninterrupted progress of the 
work. 

7. Cement may be reinspected at any time, 
and, if found to be damaged or of improper quality, 
will be rejected. All rejected cement shall at once 
be removed from the line of work. 

8. All mortar used in the masonry shall be 
cement mortar, and shall be made of three parts of 
sand and one part of cement, each of the quality 
above specified. All mortar shall be made fresh 
for the work in hand, and any mortar which has 
begun to set shall not be used. 

9. All brick in outer face of walls shall be laid 
in raortar, colored with a red mortar stain that is 
even in color and durable, and approved by the 
water commissioner. 

STONE MASONRY- 

10. The base, ashler and water table courses 
shall be of Missouri red granite, sound, free from 
discolorations, and of even color. All visible rock 
face shall, be free from drill-holes or tool-marks. 
Base course and water table shall be six-cut work, 
ashler course, rock face. 

11. Base course shall be X2 inches high, 8 j 4 - 
inch bond, with 4-inch by 4-inch chamfer on top. 
Ashler course shall be* i foot 4J4 inches high, 13- 
inch bond on the setting bed and 8}4 inch bond on 
the top bed, and cut for iron anchors. Water table 
shall be 7J4 inches high, 6-inch bond, cut for iron 
anchors and chamfered on top as shown. The 
ashler and water table course shall be anchored to 
the brick backing with tarred wrought iron anchors. 

12. All of the granite work shall be laid in the 
most workmanlike and substantial manner, with even 
and equal joints, inch thick. Each stone must 
have perfect and level beds. All joints shall ‘be 
pointed well and neatly with pointing mortar, col¬ 
ored red. Pointing joints must show equal size 
throughout, and be struck with pointing tool and 
straight edge. 


Mortar. 


Colored 

Mortar. 


Granite. 







Sandstone. 


COMPLETE SPEOIPIOATIONS. 

13. Eight stones, 2 feet o inches by 15 inches 
by 18 inches, and ten stones, 2 feet o inches by 14 
inches by 15 inches, shall be furnished and set as 
directed, to be used as bed stones for roof trusses ; 
said stones shall be of granite, sound in all respects, 
top and bottom beds dressed true and level. 

14. Window sills, sill courses, belt course, 
coping, pediments, range work around door and 
window openings, and all cut stone work above the 
water table, shall be of Lake Superior red sand¬ 
stone; fine Crandall finish, laid with equal and even 
^-inch joints in full beds of mortar. All joints 
shall be without chipping and beds of stone level 
and perfect. Spalls shall not be used in leveling 
any portion of the work. Window sills shall be cut 
vyith drips and seats, the seats not being cut to exact 
size until after the frames are set. 

15. All the sand stone work shall be cut and 
set in the very best manner, and the whole cleaned 
down perfectly, and pointed with red pointing mor¬ 
tar, with concave joints, and backed up as soon as 
set. 

16. The stone must be perfect in all respects, 
even color, free from all defects or pockets. 

17. In cleaning down the work, care must be 
taken that the joints are rubbed to a level surface. 

u iS. The stone bed course for the track of the 
crane shall be made of lime stone from approved 
quarries, dressed smooth on top bed, bush-hammered 
on face, and with true and parallel beds. This 
course shall extend the entire length of the building 
on each side, and it shall be 14 inches wide and 8 
inches high, set in a swimming bed of cement mor¬ 
tar. When set same must be leveled perfectly the 
entire length of the building, taking each side out of 
wind with the other. Special care must be exer- 
cised m cutting and setting this course. See detail 
sheet No. 20. 

BRICK WORK. , 

n exterior faces of the walls, iambs, 

etc., shall be executed with even-colored dark red 
and h^d bnck. All other portions of the brick work 
executed with strictly red and hard quality. Light 

f®*!,portion of fhe 

’• salmon or defective brick be 

allowed in part of the walls or on the premises. 
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20. ■ Brick in exterior of walls shall be laid in Face i 
red mortar, with even and full bed and end joints, 
struck with a concave tool, as the work progresses. 

21. The standard height for laying all brick Height of 
shall be 2 courses to 5 inches, unless otherwise ^®"*’**** 
ordered by the water commissioner. 

22. Figured thickness of walls will govern. 

23. The brick in every fifth course shall be Bond* 
headers, and face work shall be laid to bond with 
Flemish bond headers, as directed by the water 
commissioner, during the progress of the work. 

The diHerent courses shall be slushed, and all 
joints thoroughly filled with cement mortar. 

All courses shall be laid to a line, front and 
rear; plumb, true, straight and level. 

24. All arches shall be turned with ardi-brick, Brick Arca<» 
ground to proper radiating lines, and the face of 

same shall be laid, alternately, 8 % inches and 4J4 
inches, and backed up with row locks laid with shove 
joint. All jambs shall be returned and neatly 
pointed. All arches shall be full depth of wall. Turn 
brick arches over seats of each truss, as shown on 
sheet No. 18. 

25. Brick must be thoroughly w’ct before lay- ^'*^***‘ 
ing, if required. Stone walls shall be well swept 

oH and sprinkled with water before any brick is laid 
on them, 

26. Cut a sufFicient number of recesses through rnmhm in 
the stone foundation walls for passage through same 

of the copper down-spouts, and build tlsem in with 
stone work, as shown on slieet No. 1. 

27. All frames, anchors, wood, bricks, etc., srfUtjg^ 

that are necessary shall be built in. 'wti’crV^Wr 

28. All cut stone above the Wiitcr taVde shiill 
be set, and the walls carefully leveled for the recep¬ 
tion of the iron trasses. After the walls are l:>uilt ail 
sills shall be under-pinned with red mertar. 

29. All necessary wood plates for the fasten- 
ing of tin flashing shall be built in. 

30. All terra cotta shall be bonded flnnly to the 
brickwork and neatly pointed witli red morlnr aj 
completion. 

31. Two iron I beams shall !h* built in and‘’■‘**» ^ *^^«‘*‘*** 
covered with a 54-inch plate, where shown oti .s!ua*t 

No. 3, in the side w^all over the traveler off-set and 
above the circle head windows, leaving the wall c^pen 
on the under side, so that the traveler can be < arried 
through this opening. After traveler has been set 
21 
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in position the opening shall be closed up with brick 
work, leaving the I beams in the walls, but not 
exposed. 

Cleaning $2. All exterior brick walls shall be cleaned of 

Down. jji mortar stains at completion. 


TEKRA COTTA. 

QuiUltjr. 02. All the terra cotta letters and border around 

same, on east and west walls, to be hard burned, 
best quality red, even in color, and of designs and 
dimensions shown, free from “flashing” or warp¬ 
ing. 

Mouida. , 0^. The letters shall be first modeled and a 

plaster mould made, and from the mould the letters 
shall be pressed. 

Fitting. 00. After terra cotta has been burned it shall 

be laid .out and carefully fitted and shaded and 
trimmed if necessary, after which each piece shall be 
lettered to correspond with a setting plan which 
shall accompany the delivery of all terra cotta. The 
details for the terra cotta will be found on sheet No. 

II. 

How Set. 36. All terra cotta to be set in putty, colored 

to match, and properly bonded to the brick backing. 
The bricklayers shall set all terra cotta. 

COPPER WORK. 


Down.spoots. 37. Four lo-inch square down-pipes, 16-ounce 
copper, to lead water from roof and connect same 
with sewer, shall be furnished in place. Each down- 
pipe shall have square copper head of 20-ounce 
copper, and moulded copper band.s of double thick¬ 
ness of 16-ounce copper placetl not more than .j feet 
apart, and secured with 3-inch copper holdfasts, 
with rosette heads. 

Gotten, etc. 38. Gutters shall be formed with rotifing tin 
of form and size shown on drawings for sanit", and 
constitute a part of the roof-covering, and gradetl so 
as to carry the water from the center to the four 
corners of the building and open into the copper 
down-spouts. Tin gutters shall be carefully lla.shed 
and counterflashed into the brick firc-walLs, and 
nailed to wood strips provided for said flashing, as 
provided for in clause No. 44. 

Mnieu. 39 -. The copper finials for the skylights shall 

be furnished and .secured in place. 






SPEOmOATIONS FOE ENGINE HOUSE. 


40. Copper drip strips, inches wide, i 
inch to project into the mortar joint, and inch to 
be exposed and bent to an angle of 30®, as shown 
on detail sheet No. 12, shall be furnished the brick¬ 
layers on the scaffold. 

TIN. 

41. The roof .shall be covered with roofing 
plates, standing seam, with joints well tacked, 
anchored and soldered, using rosin as a flux, and 
8-pound soldering coppers, and tin well and closely 
cleated to roof. 

42. The roofing plate used shall be Scott’s IX 
extra coated American roofing tin plate, and must 
bear a coating of not less than 36 pounds to the box, 
and must be fully guaranteed, with the maker^s 
name stamped in each sheet, and each sheet must 
be coated in perfect uniformity and free from 
“wasters.” 

43. The gutters shall be lined with Scott’s IX 
roofing tin, flat seam, and shall conform to the 
gutter plan as shown on sheet No. 8, and shall be 
carefully flashed against the brick fire-walls, and be 
firmly nailed to the wood flashing strips, after which 
all of this gutter flashing must be well and carefully 
counterflashed. 

44. The wood flashing strips shall be built 
into the brick fire-walls 8 inches above the wall 
edge of gutter at center of roof and 24 inches above 
at each of the four corners. 

4^. The flashing around the skylights shall 
extend against and 8 inches up the wood skylight 
frame, and shall be finished before the car|)cntc!r 
lays the base. 

46. Tin shall be painted, before beitig laid, 
with two coats of the best qtiality of iron oxide, 
ground in pure linseed oil, on tlie under side, and 
must be perfectly dry before laying; and that part 
of the roof covered with tin shall have two layers of 
heavy straw building paper laid over sheathing 
boards before putting down the m\id tin. Ktxch 
layer of paper to overlap and be fastened down 
smooth and flat, and to be kept free from uioisture. 
(See clause No. 51.) 


LtJMIIKR, 

47. All the lumber used in the construction of 
the building shall be graded as follows: 


Drip, 


TItt Plate. 


Gutters awd 
Flashing. 


Maihlrjf, 


Paint and 
Papier. 
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Carpenter 

Work. 


Mill Work. 


Quality. 


Roof. 


Purlins-4-inch by lO-inch yellow pine, long 
leaf, surfaced three sides and stub moulded. 

Lower Roof Sheathing—inches by 4 inches 
tongued, grooved and beaded on under side, “B 
cf^lpct surfaced one side. 

Upper Roof Sheathing—inch by 8 to lo 
or 12 inches No. i ship lap, surfaced one side. 

Skylight Frame—Posts and plates, in- ^ *"■ yehnw 

pine No. 1 . f -..t , 

« • » Baiters, 4 in. x 4 in. yellow pino No. 1. 

Nailing girths, 2 in. x 6 in. white pine No. 1. 
« “ Outside casing, in. ‘B soleet. 

„ • „ “ base, lU in. “B" soleot. 

« “ Inside easing, % in. “B" soloct. 

„ „ *< lining, % in. X 4 in. beaded white 

pine, “C” select. 

» » Plinth and base blocks, 1 j-J in. "B” select. 

Flashing strips—2 in. x 4 in., No. 1 white pine. . 

1 st gallery floor girders.—3 in. x 8 in. and 2 in. x 0 in. No. 1 
long California yellow pine, surfaced three sides. 

1 st gallerl floor.-l>^ in. x 3 in., first and second yellow 
pine, tongued and frooY®d. 

Tread board—2 in. x 12 in. white mk. 

Window frames— select. 

Sash—'‘A'' select. 

Doors—select. , ^ • .1 1 

48 . All lumber must stand siruify on griicle, 

kiln dried, free from large loose knots, sap, shakes, 
rot, stain or any other defects foreign to their 
respective grades. 

n A T»if MTicfi won ic. 


49. The roof shall be covcitiI u illi two conrnen 

of sheathing. The lower slieuthing shiill be wliitr 
pine, tongued, grooved and licaclfd, iind he 

ij4 inches thick by 4 inches wiile ; nniier side 
dressed and smoothed at tlie licmch to a prrfevt 
smooth surface, and fastened to place and iefi free 
from hammer-marks or otlirr defects.^ 
sheathing shall be -J- inch liy S, 10 or li inches wide. 
No. I ship lap, laid diagonally, am! naileil lo the 
lower sheathing. Care imist be tahmi th.tf iiailn 
shall not go through the lower slnMlhiiig ; ilie n.iiling 
to be in the purlins. 

50. All purlins shall be 4 inch by 10 im li hnig 
leaf yellow pine, surfaced three Niifes, sliilt iiioiildcnL 
dry, sound and straight graiiicnl. I’lif'V slndl !h* 
spaced on centers, as shown on detail slieetfi Xos. 
18 and 9, and secured to upper mni uf ti'um by 
angles and bolts, as detailed. 

There is no floor proper in the hiuhliog a it^Tfuw galltry 

around the sides. Ai niuti, 
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51. Cover the entire roof with two (2) layers 
of heavy straw building paper, laid over the ship lap 
sheathing before putting down the tin. Each layer 
of paper to overlap and be fastened down smooth 
and flat, and to be kept free from moisture. This 
work shall be performed by the carpenter, under the 
direction of the tinner, and laid in such sections only 
as required to keep in advance of the tinners. The 
upper sheathing, paper and tin shall be laid as fast 
as the lower sheathing is nailed in place, so as to 
protect the ceiling at all times from the weather. 

52. Skylights shall be three (3) in number, 
and framed in accordance with details for same, as 
shown on sheet No. 16 (this sheet shows details for 
the two end lights only; the center light shall be of 
same_ construction, but of suflicient length to reach 
the distance of two truss centers, as per longitudinal 
elevation and roof plan). The principal posts shall 
be of 5 inch by 5}4 inch yellow pine, and shall be 
fastened to purlins with wrought iron anchor straps 
firmly bolted to both purlins and posts. The upper 
end of all posts shall be tenoned. 

53. Wall plate.s slwll he 5)^ inch by 5)^ inch 
yellow pine, and mortiseil to fit the post' tenons, 
and all fastened together with strap iron anchors 
and bolts. 

54. The hip rafters shall be made of 4 inch by 
4 inch yellow pine ami dressed four (/|) sides, and 
shall be backed same as for wood sheathing, and 
upon the top of plate.s between heels of raftens 
spike a triangular strip of wood secured rigidly to 
the plate to receive the thrust of the skylight bars. 
The center cage shall have the necea.sary raftens 
shown on .sheet No. S, and be firmly bolted at apex 
through a ridge piece of 2 inch yellow pine, top edge 
of ridge beveled. 

. 55 - , Nailing girths shall be 2 inch by 6 inch 
white pine. No. i, and he firmly spiked to the 
framing. 

56. The ont.sidc shall he cased np with } inch 
“B” select, to form the iinish ahovc the hnse. A 
baselioard of i inches thick, “li” select, licvclcd 
on top edge, shall nm around the <mtire frame and 
be firmly nailed to tlie casing. See clause No. 45. 

57 - The inside shall be trimmed by casing lip 
the posts with inch thick “B” select, fluted and 
naihng on plinth and liasc blocks as shown. 7'he 
inside below the window stool shall be ceiled with 
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TcinpletSj 

etc. 


Window 

Frames. 


^ inch X 4 inch beaded “B” ceiling nailed on diag¬ 
onally, with the nails countersunk and finished at the 
bottom with a z-inch band mould. 

58. (For specifications of skylight roof, see 

clause No. ri2.) , „ , , u 

eg The roof ceiling shall be finished by run¬ 
ning a mould along the truss and purlins, forming 
the different panels, as per detail sheet No. 13. 

60 The floor of lower gallery shall be made 
of inch by 3 inch tongued and grooved first and 
second yellow pine in continuous lengths. It shall 
be blind nailed to girders and the nailing joist. 

61. The nailing joist shall be 2 inch by 6 inch 
No. I long leaf yellow pine, and in continuous 
lengths from bracket to bracket and bolted to chan- 

62! The floor girders shall be 3 inch by 8 inch 
No. I long leaf yellow pine, surfaced three sides, 
notched on brackets. All joints shall rest on 
brackets. 

63. The carpenters shall fornish all centers 
and templets, and shall put up itrui take down same. 
The centers and templets sh.iill be made in i proper 
manner, strong and well bricccL 

64. The carpenter shiili set ill fnirnes, and 
verify their plumb after the brick archei are turned. 

MILL WQ«K. 

65. Window frames below the traveler shall 
be solid frames for top and bottom pivoted hnnlh and 
shall be made of form and dimeimions called for by 
the drawings. The lumber used in their coiiHtniction 
shall be clear, dry, and sound Wisconsin mblte pine, 

select, free from knots or sap. Fmccs of all 
frames shall be moulded as per detail. 

66. All frames shall be given a heavy coat ot 

paint all around, including !)iick of jamlni, and shall 
be set perfectly plumb; and the sill shall tm a 
bed of cement mortar, inch higher on the inside, 
so as to make a water tight j«dnt. mill- 

lions, transoms, etc., shall he moulded as shown on 
details. The frames shall !)c |mt t«»gi*fhcr in a 
strong manner, well and closely naileil, and tlie 
stop-beads fastened with i34-iiu*!i blued rmiiid- 
headed screws. All the lumber in fraimes shall be 
Wisconsin white pine, select, m above 

specified. 
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67. The frames shall be provided with moulded 
stool, terminating with mould against plaster. 
Mullions and jambs shall be cut down scpiarc on 
stone seats. 

68. Stiles, heads, mullions and transoms shall 
be solid. All circular portions of frames shall be 
worked in the solid and put together with white 
lead, so as to break joints throughout, and firmly 
spiked. A 2 inch by 4 inch bond .strip shall be 
spiked to all frames (except the two door and the 
two large window frames), extending from sill to 
spring of arch for anchoring same to brick backing. 
The heads of frames shall have wood blocks of’3 
inch by 4 inch by 8 inche nailed to same and spaced 
a distance of iS inches on centers. 

69. The two door and window frames above 
mentioned shall be anchored to the brick backing 
with wood blocks of bone dry white pine 4 inch by 
12 inch by 12 inch, built in the brick work, and 
spaced as shown on detail sheet No. ii. The 
frames shall be bolted to same with 5^ inch by 8 
inch lag screws. The frames shail fit in a recess of 
one inch in the lirick work. 

70. Inside moidd and stools will not be nailed 
in place until plastering is perfectly dry. 

71. Two iron dowels shall be placed in the 
bottom of each jamb and mull ion. The dowels 
shall be of i-inch rouml wrought iron, and sunk tU 
inches in .stone sill. 

72. All frames above the traveler shall be 
solid frames for side pivoteil sash and 'for la-inch 
walls, and shall be made of “H” select. 

73. All window sashes shall be ol the form 
and dimensions called for by the dr.iwiiigs. The 
lumber used in their construction shall be clear, dry 
and sound Wisconsin white pine (“A” select), free 
from knots or saj). 

74 * sash shall he nK>uUle<l and rebated 
inches thick, and diviilcd into lights as shown. 
Ii.ach sash .shall be neatly litteil and jiroperly hung 
with WoIlen.sak.’.s plain hroiixe sash centers, No. i,|4, 
and shall be seemed with hrom-.e ciijiboaid turns, 
and provided with ca.semcnt rods or shutter holder*. 
No. 8020, p. 1S76, “.Simmons,” 

75. All tran.som sash that are fixed .shall he 
closely fitted and secured in place witli heavy coat 
of white lead in the stop joints^ so that all jomti 
shall be water tight. 
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76. Skylight sash shall be 2% inches thick, 

and divided as shown on sheet No, 16, center piv¬ 
oted and made water tight. ^ , 

77. The door frames at each end of the build¬ 
ing shall have rebated solid plank frames, beaded 
and moulded on outer face to match window frames. 
They shall be built in same manner as specified for 
window frames, using “B’’ select, and shall be 
secured to brick work in the same manner as speci¬ 
fied for other frames. The frame for the double 
door, south end, shall be rebated for 35^ inch doors, 
and shall have a transom bar 3^ inches thick. The 
single door at north end shall be made without tran¬ 
soms and shall have 1% inch rebate. 

78. The doors at the south end* shall be double, 
and each door shall be hung with four 6 inch by 6 
inch real bronze butts, rebated at center joint and 
beaded. 

79. The doors shall be 2% inches thick and 
made of dry “B” select, with stationary sash divided 
in lights as shown; lower portions of the doors shall 
be paneled and moulded as shown by detail isheet 
No. 13; the panels shall be made of tongued and 
grooved % inch “B’’ select, 2 inches wide, vyith all 
joints beaded and driven up in white lead. 

80. -The single door in the north end shall be 
made of “B'^ select, inches thick. It shall have 
stationary sash panels, and be built as specified for 
south door. 

81. Doors shall be secured with mortise locks, 
rebated for double doors, bronze knobs, plates and 
trimmings, and flush spring bolts, top and bottom of 
real bronze. 

83. The sash in all doors and transoms for 
same shall be as specified for the window sash, 
and the transom sash pivoted and hung with the 
same kind and quality of hardware. 

83. The large sliding doors shall be made of 
the same quality of lumber as specified for the small 
doors, and in two thicknesses of inches each, mak¬ 
ing a total of 3^ inches, framed separately, and put 
together with white lead, and firmly screwed up 
with 3 inch screws, countersunk; they shall have 
tenoned stiles, rails and muntins ; all tenons shall be 
double pinned with inch white oak pins, and all 
shall be bolted together with iron rods, as shown by 
dot lines on detail sheet No. 14. The panels shall 
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be made of tongued and grooved “B” select, 2 inches 
wide and beaded both sides. 

84. Small swing doors shall be framed into 
each large door, making four in all. They shall be 
hung with three (3) 4 inch by 4 inch real bronze 
butts, and fitted with Yale mortise locks, with keys 
to pass. 

85. Each pair of the large sliding doors shall 
have wrought iron drop bars, made of 2 inch x ^ 
inch iron, bolted at one end and made to drop into 
a hook at the other; with a turned iron hand lift as 
shown on detail sheet No. 14. 

86. An oak brace frame for each door opening, ^Fram?fS» 
having form, size and radius as shown on detail Large 
sheet No. 14, rounded on each edge, shall be secured 

to the brick work with expansion bolts, in the most 
substaintial manner, and framed into a girder made 
oi 1% inch by 7^4 inch oak, of length equal to the 
run of both doors, and firmly bolted to the wall with 
bracketed bolts, as detailed. AlLto be put in posi¬ 
tion before plastering, in the most careful and sub¬ 
stantial manner. 

HARDWARE. 

87. The numbers and pages given for hard- Window*, 
ware refer to Simmons’ Catalogue. 

88. All pivoted windows shall be hung with 
Wollensak’s plain bronze sash centers, No. 144, 
and secured with plain bronze cupboard turns. No. 

^535’ and real bronze casement stays, 

No. 8020, page 1876. Pivoted transoms shall be 
fitted with similar sash centers, and with Payson’s 
solid grip transom lifts, real bronze, inch by 6 
feet, No. 0336, 

89. All doors, except large sliding doors, shall Door*, 
be hung with butts, and fitted with Yale mortise 
locks and keys to pass, and top and bottom bolts for 

the double doors. 

90. The two double doors in south end 
shall each be hung with four 6-inch by 6-inch real 
bronze butts, and fitted with rebated mortise Yale. 
lock, plain bronze, for 2^ inch door, with keys to 
pass, and real bronze extension flush bolts, plain, 
same as Yale pattern No. 7^^^., B. 34, page 1675. 

91. The single door in north end shall be hung 
with four 6-inch by 6-inch real plain bronze butts, 
and fitted with lock for inch door of same kind 
as specified for double door. 
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02. The four small swing doors that are built 

in the large sliding doors shall each be hung with 
three (3) 4 inch by 4 inch real plain bronze butts, 
and fitted with lock as specified for the north door. 

The finish of all hardware shall be real 
plain bronze throughout, and all locks shall be Yale, 
with keys to pass. 

ron Work 94. Consti'uct for the two sets of large sliding 

for Sliding ^ hanger and track as per detail sheet No. 14. 

hanger shall be made of wrought iron 11 inches 
wide and ^ inch thick, bent to correspond with 
profile shown, and fitted with a steel track-wheel, 
turned with a groove, and necessary bearings. The 
hanger shall be firmly bolted to the doors with 
heavy screw-bolts, as shown. 

95. The track for above hanger shall be made 
of steel Z bars, 4*72 pounds per foot (Carnegie 
catalogue No. 295), with the short flange ground to 
fit groove in wheel, and the large flange firmly 
bolted to oak girder. The track shall he equal to 
the run of both doors. These cloori must be made 
to run easy and work perfectly. 

PLASTEU. 

96. The side and end walls from the stone 
foundation to the top of the brick walls in the inside 
of the building, including window-janibii and stools, 
shall be plastered with Acme plaster, and given a 
granulated finish with white sand, applied according 
to the directions of agent. All walls ihitll have 
straight, true surfaces, angles plumb, jambs and 
stools plastered. Walls ihnll be? laid off to repre¬ 
sent stone courses, as directed. Joints shall be 
marked off when plaster is green, and Rhall be },{ 
inch throughout, and cut with clean edges, the joints 
to continue around window-jarnim and to struck 
to represent arch stones over openings. 

97. A plaster base and wainscot moulding 
shall be made around the building of height iliown, 
base 12 inches by i inch, chamfered on top; wuun- 
scot cap, 5 inches by i inch, mmilded and chain- 
•fared top and bottom, as shown on sheets Nog. 3 and 4, 

PAINTING ASn <;I.AZIN«. 

98. The contractor shiill furnish all material 
and perform all labor necessary for the proper paint¬ 
ing of the building. All sap." knotH, etc., of the 
wood-work shall be covered w’itii a good coat of 
strong shellac before priming. 
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QQ. All wood-work to be painted shall be Primina- 
led with French ochre and boiled linseed oil, 
all iron-work shall be primed with oxide of iron 
boiled linseed oil. All holes and cracks in the 
l-work shall be puttied and stopped on the 
ing coat, and again before applying the last 
ling coat. 

too. All outside wood-work, usually painted, Ont.id. 
have four (4) coats of pure white lead, ground 
iseed oil, and mixed with pure boiled linseed 
The exterior of all frames, doors, sashes, sky- 
5 , etc., shall have the last two (2) coats in 
s, as directed by the water commissioner, 
roi. All tin and galvanized iron shall have, Tin»nd 
completion, three (j) coats of Dixon’s Silica 
hite paint, thinned with pure boiled linseed oil; 
coat shall be allowed to dry thoroughly before 
ext is applied. Each coat of paint on the tin 
must be of a different shade, and each shade 
be approved by the water commissioner. 

[02. All of the inside wood-work, including insia* 
doors and frames, etc., shall be painted four 
:oats of pure white lead, ground in oil, and 
1 with pure boiled linseed oil, brushed on 
th and even, and grained a perfect oak on the 
oat, after which it shall receive a heavy coat of 
varnish, evenly flowed on and left in the 

03. The ceiling,_incliuling purlins, skylights, 
shall be painted with four (4) coats of paint ol 
y specified above, and of such colors as the 
commi.s.sioncr may direct, and each suc- 
ig coat must be of a different shade, as per 
ion of the water commissioner. 

04. The first gallery floor shall receive four floor. 
Dats of pure boiled I'in.sced oil, and the floor 
s shall be painted to match the iron cluumel 
id brackets. 

05. All iron and .steel work before leaving Work, 
op shall be thoroughly cleaiuul from all loose 
and rust, and after inspection be given one 
priming coaling of pure, raw lin.seeil oil and iron 
well worked into all joints and open spaces. 
o6. In riveted work the surfaces coming in 
:t shall be painted before being riveted together, 
ns of bed-plate.s, bearing-platc.s, and any parts 
are not accessible for painting after erection, 
lave two coat.s of paint. 


COMPLETE SPEOIPIOATIONS. 

107 After the structure is erected the iron 
work, both wrought and cast, shall be thoroughly 
and evenly painted with three additional coats of 
oaint of quality specified for the wood-work, mixed 
with strictly pure linseed oil, and each succeeding 
coat shall be of a different shade, and each shade 
must be determined and approved by the water 

commissioner, ... it * i 

108. The painter must see that til wood-work 

is perfectly clean before priming or painting, and 
putty up all nail heads and other defects, and sand¬ 
paper smooth and perfectly prepare all wood before 
applying a second coat. The whole of the painting 
wOTk throughout to be done in the best and most 
workmanlike manner, and all paint and varnish spots 
must be cleaned off the glass, walls and galleries at 
the completion of the work, and all left clean and 
perfect, without exception. 

109. All paint must be mixed at the building, 
and under the direction of the water commissioner, 
except the priming for the iron work. 

no. All of the glass throughout ihtll be 
American, double thick, perfectly free from my 
blemish, flaw or defect. All shall be set in oil 
putty, carefully tacked with tin glaring tucks, and 
back puttied. 

III. All glass to be cleaned after glaring, and 

again after painting sash. 

SKYI.IGHT HOOFS. 

Manufacture. The skylight toofs uscd OH this luiilding 

shall be of the Vaile & Young patent, and shall be 
adapted to the wood cage construction, m detailed 

on sheet No. 16. 

Bara. 113. The bars shall be of galvanized iron, 

except the parts exposed to the weather, wliicli shall 
be of 20-ounce copper, and the said bars riiiiit be 
rigid enough to support the glass without deflection. 
The apex shall not be llnished to a point, but shiill 
be fitted to the square of the mm of the copper fmial, 
and said finial shall fit over the apex and cover all 
joints. This finial shall be made of i8-oiiricf cop¬ 
per and furnished with the sk}’lig!ilH, 

1 14. All bars not resting on rafters shall be 
wrought iron, encased with galvitin/.ed iron. 

115. All skylights shall have hanging glitters 
of 20-ounce copper, with a fall to one corner, md 
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from this comer the water shall be conveyed to the 
mam roof by means of a copper down-spout, which 
shall be furnished with the skylight. 

• u * skylights shall be ^ 

inch thick and ribbed. It shall be furnished by the 
manufacturers of the skylights, and it shall be set 
with special care, and under rigid inspection, and 
shall be of a continuous length. 

ROOF TRUSSES. 

117. The castings shall be made from a 
superior quality of iron, tough and of even grain, and 
must conform in shape and dimensions to the draw¬ 
ings. Castings must be clean and perfect, without 
flaw or sand holes or defects of any kind. 

r 18. With the exception of the bearing plates, 
the roof trussing shall be of soft steel throughout. 

*19- The steel must be uniform in character. 
The finished parts must be free from cracks on the 
faces or corners, and have a clean, smooth finish. 
No work shall be put upon any steel at or near the 
blue temperature, or between that of boiling water 
and of ignition of hardwood saw-dust. 

130 . All tests shall be made by samples cut 
from the finished material after rolling. All broken 
samples must show uniform fine grain fractures of a 
h ue, steel grey color, entirely free from a fiery luster or 
blackish cast. Soft steel shall have an ultimate 
strength of 54,000 to 62,000 pounds per square inch: 
an elastic limit not less than 30,000 pounds per 
square inch, and a minimum elongation of 25 per 
cent, in 8 inches. ^ 

Before or after heating to a light yellow heat 
and quenching in cold water, this steel must stand 
bending 180 degrees to a curve, whose inner radius 
IS equal to the thickness of the sample, without siM 
of fracture. ^ 

121. Specimen pieces of a size and form suit¬ 
able for the testing machine shall be cut from any 
plate, angle or bar, when directed by the water 
commissioner. 

122. If any specimen shall not conform to 
above requirements, all the material of the same 
form^ and manufacture as the piece from which this 
specimen was taken will be rejected. 

... All rivets shall be made of soft steel, and 

the steel for rivets must, under the above bending 
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test,. stand closing solidly together without sign of 
fracture. 

Specimen Bar«. 124. For all material taken by the water 
commissioner for testing there will be added to the 
final estimate the following prices, viz.: 

For all steel, the sum of five cents per pound. 

For all cast iron, the sum of three cents per 
pound. 

All broken material to belong to the party of 
the second part. 

ffiBiah. 125. The workmanship and finish throughout 

shall be thorough and of the very best, and any piece 
or part, however perfect it may be in other respects, 
if defective in workmanship, will be rejected. 

Planed. 126. That part of the bed plate on which rests 

the three eighth inch bottom plate of the truss shall 
be planed or faced to a true plane surface. All 
abutting joints in top and lower chord shall be 
planed or faced. 

Punching. 12^. In punching rivet holes, the diameter of 

the die shall in no case exceed the diameter of the 
punch more than one sixteenth inch, and all holes 
must be clean cut, without torn or ragged edges. 

Rivet Holes. All rivct holes Shall be so accurately 

spaced and drilled or punched that when the several 
parts are assembled a rivet one-sixteenth inch less in 
diameter than the hole can be entered hot into any 
hole without straining the iron by drifting. Occa¬ 
sional variations shall be corrected by reaming. 

•Rivci Work. 12^. Whenever possible, all rivets must be 

machine driven. The rivets, when driven, shall 
completely fill the holes. The rivet heads shall be 
round and of a uniform size througliout the work. 
They shall be full and neatly made, and be concen¬ 
tric with the rivet holes, and thoroughly pinch the 
connected pieces together. The several piece® form¬ 
ing one built member must fit closely together, and 
when riveted shall be free from twists, bcn<l« or 
open joints. The angle irons forming the top chord 
must be bent at the different panel points to the 
proper angle. The lower chord shall have sutlicient 
camber to allow for the deflection of the loaded 
truss. 

«oits «nd 130. All bolts and nuts to be made from the 

best quality of soft steel. The nuts to be liexagoniil 
and the heads square. Heads, nuts and threads to 
be standard size. All bolts shall have a washer 
under the heads or nuts, where in contact with wood. 
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131. All rods with screw ends shall be upset H„d.. 
at the ends so that the diameter at the bottom of the 
threads shall be one sixteenth inch larger than anv 

part of the body of the bar. ^ 

132. All the angles, filling and snlice a , 

must fit at their ends to the flan|e angles^.ufficSntly 
close to be sealed, when painted, against the admii^ 

Sion of water, but need not be boat finished. 

• and hold purlins in place, short P»«tenin, ,„a 

pieces of angle iron 3^ inches by 6 inches by y. inch 
shall be riveted to principals with two %-inch rivets 
and purlins shall be fastened to thena by a/-inch 
bolts. The contractor shall furnish all boItsV each 
With one cast iron washer. 

134. All the bed plates under fixed and sliding b«<i pi.<« 
end must be fox-bolted to the masonry with i J 

<=o«tractor must furnish all holtV 
drill all holes and set bolts to place with cement. ’ 

IRON GAI.LERY, LADDERS, ETC. 

135. The galleries shall consist of three differ, 
ent sections, as follows: 

1 st. A lower or first gallery. (Sheet No. 7.) 

as gallery. (Sheet No. 7 .) 

3A A balcony gallery. (Sheet No. 4.) 

Shee?Ni 17!°" 

’-1extend around the o.iUrj, 
ent re building on a level with grade (El. hk) and 

• u l»e 4 feet and a 

inches wide and made of i/j inch thick by 3 inch 
wide yellow pine flooring, and shall rest upon two 
Riders and one channel bar, and both girdc S 
channel bar shall be supported by ca.st irm, I.n ck,T 
Xhe channel bar shall be 6 inches high, weighing cj'X 
pounds per lineal foot, and to thi.s chaiiiud sh dlA'^. 
bolted yellow pine nailing joists 2 iiicl. hytilleh- 
the bolts shall be inch, witli round head mita 

138. l^rackets shall be ca.st, according to deffli'l 

showed „„ she., No. ...d sh.'i) hrS^Mf^d 
to the stone-mason work with r inch by lo^inch ex 
P00S.0,. bolts, too ...a to..o,„ 0, eU SSk'el 
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The stone walls must be recessed sufficiently to give 
an even bearing for the backs of all brackets. 

1^0. Railing shall be made of gas^ pipe and 
suitable fittings connecting same^ made in accoid- 
ance with details. Top and bottom rails shall be i >4 
inch and 2 inch gas pipe; intermediate rails, 
inch gas pipe; principal posts 2 j 4 inch, and inter¬ 
mediate posts 2 inch diameter cast iron. 

14b. At the angle where the stairs commence 
this first gallery shall be constructed, on a radius, as 
shown on gallery plan, sheet No. 7, to make room 
for said stairway. A round hole must be made in 
this floor to suit stair column. 

141. Suitable chain fastening gates shall be 
provided at all openings in gallery with suitable 
hooks, etc., chain to be of wrought iron J4 inch in 
diameter. There shall be two chains at each open¬ 
ing. See sheet No. 7. 

• 142. The second gallery shall extend across 

south end of building, and terminate at one end 
with a spiral staircase, and shall consistbrackets, 
channels, railings, post and floor. I he brackets 
shall be cast as per detail, shown on sheet No. 17, 
(scale, inch), and fastened to brick work by an 
expansion bolt at the foot and a bearing plate at the 
head. Upon these brackets shall rest a six inch 
channel bar weighing 9J4 lbs. per lineal foot, and 
another bar of same size and weight shall be fastened 
to the brick work by expansion holts. Upon these 
two channels the cast floor plates shall take their 
bearing. The railing, posts, etc., shall lie made tlie 
same as specified for the first galleiy. i’ o^' a jdan 
of this second or upper gallery, refer to slicet No, 
7. The floor plates shall each be cast with three 
ribs; said ribs shall be spaced on centers, according 
to the length of the floor plates, and ‘sliall he located, 
one on each extreme edge and one in the center; all 
3 inches deep and i inch thick. 

143. Winding stairs shall consist of cast iron 
center column, treads, rail and newels. 

144. The center column shall he cast inch 
metal and be 7 inches in diameter, termiiialjng at 
upper end with a newel, as shown 011 sheet No. 17. 

145. The center column shall !>e supported by 
two 12 inch steel 1 beams, 43 pounds per foot, 
located diagonally across one corner of the stone 
foundation, with bolts and separators, ami set in 
place before commencing the lirick work. The col- 
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umn shall have a square iron flange on the lo^^er 
end of I inch metal, and said flange must be firmly 
bolted to the steel I beams. 

146. Steps or treads shall be cast without 
risers, but shall have thimble height of step, cast on 
each step, with tread nosiiig continued around. 

147. These thimbles shall have freedom fig¬ 
ured on drawing, and the vacant space shall be well 
and thoroughly calked with sulphur. 

148. Steps shall be cast of ^ inch metal, dia¬ 
mond pattern tread. Each step-thimble^ bracket 
and flange shall be cast in one piece, each step 
being bolted to the next at connections. The first 
risers shall be housed into the wood floor, if neces¬ 
sary. 

149. Stair rail shall be made of 2 inch gas 
pipe, bent to proper sweep and curve, terminating 
top and bottom at newels. Newels shall be cast 
iron 54 inch metal. All shall be executed according 
to drawings, each and every portion put up, bolted 
and secured in the strongest and most workmanlike 
manner, and to the satisfaction of the water commis¬ 
sioner. 

150. The third or balcony gallery shall be con- Balcony G*i- 
structed of wrought iron brackets, made of inch 

by 2 inch metal, and fastened to the brick work with 
expansion bolts. It shall be provided with an oak 
tread board. This tread board shall be furnished 
by the carpenter and put in place by the gallery 
contractor. 

151. This balcony shall extend across north 
end of building, as shown on section plan No. 4. 

152. Two wrought iron ladders with inch i-addcra. 
by 2 inch sides and ^ inch round rungs, passing 
through side pieces and riveted, shall be furnished, 

put in place and properly secured. One ladder to 
start on the first or lower gallery and extend up 
and through the balcony gallery as per drawings. 

One ladder shall be located on the exterior of the 
building and commence about 10 feet from the 
ground and extend upwards to and be anchored into 
the fire-wall coping, as shown on elevation sheet 
No. I. The details for these iron ladders will be 
found on sheet No. 17. 

153. There shall be cast and set in place cast Doorsnia. 
iron door sills for the doors in the north and south 

ends and the two large doors in each side. 

22 
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154. Sill for the south door shall be 5 feet 8 
inches long and 3 feet 4^ inches wide, % inches 
thick, and cast in diamond pattern, with door saddle 
and seats for wood frame drilled for inch expan¬ 
sion bolts. 

155. Sill for the north door shall be 3 feet 6 

inches long and 3 feet 4^^ inches wide, cast same as 
specified for south door. » 

156. Sills for the large doors shall be cast dia- 

' mond pattern, i inch thick, and shall have a square 

flange on outside and inside edge as shown. These 
sills shall be cast in three separate, sections, as shown 
and figured in sheet No. 17. 

H&nd Rail. ^ 57 * A hand rail made of inch gas pipe 

shall be provided and put in place and continued 
along both sides of the building its entire length, 3 
feet 6 inches above the traveler I beam. This rail¬ 
ing shall project from the wall 6 inches, and be firmly 
bracketed to the wall at sufficient intervals to insure 
ample stiffness. The ends shall be secured to the 
\irood window frames. See sheet No. 3. 

^ 5 ^* The traveler track shall consist of an iron 
I beam, 8 inches in height, and weighing 34 pounds 
per lineal foot, Carnegie catalogue. No. 8 C, page 
22, extending the entire length of building on each 
side. It shall be firmly bolted to the stone sill course 
with % iJ^ch expansion bolts, and the space between 
the web of beam and sandstone sill shall be filled 
with hard burned brick, laid in the best of cement 
mortar. 

159. Upon the top flange of this 8 inch I beam a 
flat top steel rail, weighing 52 pounds per lineal yard, 
shall be bolted, extending the entire length on both 
sides of the building. This rail must be drilled in 
each flange, and these flanges bolted with ^ inch 
bolts into the flanges of the I beam. The rail shall 
be connected at Joints with fishplates and bolts. 

I B«m, in I beams, weighing 34 pounds 

Sidew’aiis. pcr foot. With bolts and separators, shall be built 
in brick work, as shown on plan and specified in 
clause No. 31, and covered with a ^-inch iron plate. 

GENERAL CLAUSES. 

materials and work required 
lor the full completion of the buildine herein Rt)<=»c»- 
fied, to the entire satisfaction^ 'sr cne water commis¬ 
sioner, shall be furnished and done by the contractor, 
and should anything not mentioned within this spec- 
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ification be necessary to fully complete the work, 
the same shall be furnished and done without extra 
charge. 

162. No masonry work of any description 
shall be laid in freezing weather, except with special 
permission of the water commissioner. 

163. All unfinished work shall be properly 
protected from injury by frost. 

164. Any masonry work found damaged by 
frost shall be taken down and rebuilt at the cost of 
the contractor. 

165. When the work is completed, the build¬ 
ing, substructure and surrounding grounds shall be 
cleared of all rubbish caused by construction, and 
left in a neat and presentable condition for imme¬ 
diate use. 

166. Measures shall be taken by the contract¬ 
or, whether required by city ordinance or not, to in¬ 
sure the safety of the public, by such precautions of 
fencing, watching, lights, etc., m the exigencies of 
the case may call for. 

167. The contractor shall furnish, at his own 
cost and expense, all necessary centering and scaf¬ 
folding, and remove same at the completion of the 
work. 

168. Due facilities must be afforded the water 
commissioner for giving the lines, grades and |HHnts, 
and all stakes or marks given by him must be pre¬ 
served undisturbecK 

169. The contractor sliall keep on the work, 
accessible at all times, the plans furnished him by 
the water commissioner, and 11 copy of these spec¬ 
ifications. 

170. At all times, when work is in progress, 
there shall be a foreman or head wcu’krnan on the 
grounds. 

171. Necessary conveniences slnill be construct¬ 
ed for the use of the contractor^ employees, and dur¬ 
ing the progress of the work herein 'specified the 
contractor shall not use or interfere in any manner 
with the present liuildings, pipes or ap|.Hirtenfincei 
of the waterw^orks.* 

172. The use of tlie railroad tracks and switch¬ 
es belonging to tlic waterworks will be permitted 
to the contractor for the work herein sptH’ified at 
such times only as will not interfere with the deliv¬ 
ery, switching and handling of coal curs. 


FrcMit. 


Cleuntnf 


Public SiUmy. 


Erection, 
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173. Particular care must be exercised in the 
protection of all finished work as the building' pro¬ 
gresses, such as exterior projections, cut stone, iron 
'stairs and galleries, etc., which must be fully pro¬ 
tected from injury or defacement during the erection 
and completion of the building. 

174. The erection shall be carried on in such 
manner as will in no way interfere with the erection, 
completion and operation of the pumping engines or 
machinery. The extra cost of handling the erection 
in this manner must be included in the sum bid for 
the work. 

175. The directions of the water commissioner 
as to the disposition of building materials and loca¬ 
tion of sheds, temporary buildings, etc., must be 
strictly observed. 

Examination 176 . Whenever required by the water com- 

® ' missioner, the contractor shall furnish all facilities 

and labor to make an examination of any work, com¬ 
plete or in progress, under this contract. If the 
work so exarriined is found defective in any respect, 
or not in accordance with this contract and specifica¬ 
tions, the contractor shall bear all expenses of such 
examination and of satisfactory reconstruction. If 
the work so examined is found to be in accordance 
with the contract and specifications, the expense of 
the examination and reconstruction will be estimated 
to contractor at a fair price, to be determined by the 
water commissioner. M. L. H. 

171. General Specifications for Railroad Concrete 
Work. Cement concrete masonry, either with or without re¬ 
inforcement with steel bars, is coming into such general use 
that a stone masonry specification in former editions of this 
work is here replaced by a general specification for railway 
concrete construction (not reinforced by steel rods),'these being 
now in use (1902) by the Illinois Central Railway Company. 

FOUNDATIONS AND EXCAVATION. 

I. Cofferdams, where necessary as a protection against 
water in adjacent streams, etc., shall generally be built in ac¬ 
cordance with detailed plans to be furnished in connection with 
each piece of work. Such cofferdams may consist of substan¬ 
tial or lighter structures in accordance with the amount of pro¬ 
tection required or the risk to be incurred. 
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A—The more substantial cotferdams shall be built by driv¬ 
ing rows of piles, spaced from three to five feet apart, centers; 
these to be securely connected together by lines of horizontal 
waling bolted on the outside, and sheet piling to be driven 
outside of these waling pieces and spiked or bolted to them as 
may be necessary. The sheet piling may consist of two rows 
of plank, the outer covering the joints between the inner p lanks 
—each row driven separate—or they may consist of a combina¬ 
tion pile, made up of three pieces of plank, so built together as 
to make a tongued and grooved structure. In extreme cases, 
two rows of piles and two rows of sheeting would be used and 
a “puddling” of clay, or other suitable material, filled in be¬ 
tween the two rows of the cofferdams. 

B—^Except in exposed situations piles may be omitted, and 
rows of sheet piles secured to waling timbers and properly 
braced, may serve the purpose of the cofferdam. In all cases 
all material for the cofferdam shall be furnished by the con¬ 
tractor, and shall be paid for by the lineal foot of pile furnished 
and driven, and thousand feet B. M. of timber, boards and 
planking used in the work; these prices to include bolts, spikes 
and all iron work required to hold same in place. 

C—Generally such portions of cofferdams as do not ob¬ 
struct the free flow of the water and are below ordinary low 
water may be left in the work. Portions of cofferdams extend¬ 
ing above this level will generally be removed, and the cost of 
such removal is to be included in the prices named by the con¬ 
tractor for this work. 

It must not be inferred by the contractors that cofferdams 
are not deemed necessary because not shown on the general or 
detailed plans. The contractor shall take up the question of 
their construction with the proper engineering authority, who 
shall determine the extent of cofferdam (or sheeting), bracing, 
etc., required, the work being constructed and paid for as de¬ 
scribed in other portions of the specifications. 

2. Excavation—Either inside of cofferdams' or in open 
pits, shall be taken down to such depth as may be specified by 
the engineer in charge. The contractor shall be prepared to 
sheet the sides of such excavation where cofferdams are not 
used, and to put in proper bracing to protect the same from 
caving; all timber and plank used for such sheeting to be paid 
for at the rates named for cofferdam material. 

Aii excavated material shall be placed where it is avail¬ 
able for filling, either in adjacent embankments, or around the 
masonry when completed; and such back filling as may be re¬ 
quired against abutments, arches, etc., and which can be done 
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with the excavated material, shall be done by the contractor, 
and shall be covered by the price paid for excavation. 

B—No allowance shall be made on account of slope to 
sides of excavations where the same are made in material al¬ 
ready compacted, the contractor being expected, as above speci¬ 
fied, to carry down the excavation to the proper depth, and to 
protect the same by sheeting and bracing. Where excavations 
are required to be made in loose or uncompacted material (in¬ 
cluding sand or sandy soil), the engineer in charge shall make 
a proper allowance for slope in such material, and shall measure 
all material removed in making such slope, as a portion of the 
excavation. The price paid for sheeting, bracing, etc., is to 
include the whole value of the material, the same being left in 
the work, if necessary, either as a mold for the concrete founda¬ 
tion, or as a protection against caving, during the process of 
excavation or of putting in the concrete. 

C—If the contractor deposits any excavated material where 
it will obstruct the water-way or ditches adjacent to railroad 
embankments, or in any place not fully approved by the engi¬ 
neer in charge, he shall, at his own expense, remove the same 
before the completion of the work, and place it as may be di¬ 
rected by the engineer, or if the same is not done promptly upon 
the request of the engineer or inspector in charge of the work, 
it may be done by the railroad company's employees, and 
charged to the contractor and deducted from his estimates. 

D—^Excavation shall be classified as follows: 

a. Dry excavation, including all materials which can be 
handled without pumping, and with which no water is mixed. 

b. Wet excavation, including all material removed from 
cofferdams or pits, where pumping is required, or where water 
accumulates, either by seepage or from floods occurring during 
the progress of the work. The price paid for wet excavation 
is intended to cover the cost of all pumping which may be re¬ 
quired, and shall include furnishing such pumping machinery 
as may be necessary for the work. 

Where there is a rock foundation within reasonable dis¬ 
tance below the surface of the ground, the excavation shall be 
carried down to the rock, and the surface of the same shall be 
roughly leveled either throughout the whole area of the founda¬ 
tion, or by making steps or benches at different elevations, 
separated by vertical risers; all loose rock, shale, clay, mud, etc., 
being removed before putting in the foundation concrete. 
Should water enter freely along the surface of the rock, the 
foundation may be prepared in sections, the concrete being filled 
in upon the rock surface, as each section is prepared for the 
same. 
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^Care shall be taken that no clay, ^mticl or eartliy matter 
adheres to the rock or to the vertical joints between separate 
concrete sections, the object being to make a monolithic mass 
of the whole foundation, and to have the same cemented firmly 
to the rock. 

c. Rock excavation, which shall include all solid rock, 
blasted or otherwise removed from the foundation, or all bould¬ 
ers or pieces of loose rock, weighing over fifty (50) pounds 
each. 

CONCRETE MATERIALS. 

3. Concrete Materials may be classified as follows: 

A —Crushed Limestone, which shall be made by crushk 
tough, hard, clean limestone and screening same through tw< 
inch meshes or holes. 

The Engineer or Inspector in charge shall reject crush« 
limestone which may have any of the following defects: 

a. Containing more than one (1) per cent, of earthy o* 
clayey matter. 

&. Containing more than twenty (20) per cent, of fine 
stone or stone dust, less than one^half (1-2) inch in size. 

c. ^Containing more than five (5) per cent, of soft or 
rotten limestone whicli can be crushed' or powdered up in the 
fingers. 

d. Containing more tlian ten (to) fjcr cent, of flat stone 
larger than two (2) indies in greatest dimension. 

c. Containing mon' than fifteen (15) per cent, of crushed 
stone larger than sf)ecifled (passing tlirongli a two (2) inch 
mesh), unless tluTt‘ he an equal amount of fine material less 
than onedialf (r*::) inch size, 

f, Tf any r»f th(» five classes of defirtive stone above named 
can be modified by mixture with additional material or by 
breaking large stone hy haitfl, its use may lie piTinitted under 
the direction of the Iuigint‘er or Inspector in charge, 

g. 1'h(‘ list* of cl(*an gravel in place of not more than one»* 
half (1-2) of the spct'ifii^tl amount of crnslted limestone may lie 
permitted at tin* option of the Cliit^f Isngineer, nr his antliorized 
representative; hut the work shall he drme nndvr such sfXTial 
instructions as sliall he given in each individual <'as(\ deqiending 
on the quality of the gravci ttscsl and other existing conditions. 

B—Crushed Granite. This shall generally lie us(‘d r>f two 
sizes: a fine cnisheil granite, to lie ns(‘rl as a snhstittitc' for sand, 
and a coarser size, particles of whicli arc not larger than three- 
fourths inches in greatest dimensions, and to he used as qi 
substitute for cruslied limestone in making bridge seats, perles- 
tal stones, etc. All cruslierl granite shall he eleaig entirely free 
from dust and eartliy or clayey matter, and eacli grade shall 
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be of practically uniform size. This materia! shall always he 
handled on platforms or plank, or in some way kept entirely 
free from admixture of earth, sand, etc. 

CrSand for concrete shall consist of dean, stiarp suml 
(“pit” or “bank” sand being preferrecl), and sand sliall iiril lie 
rejected if containing occasionally pieces of small ^ gniveL ^ A 
sand is preferred which will not pass through a sieve liaviiig 
thirty meshes to the inch. Sand shall^ be free^ fniiii farth or 
alluvial matter; and, when tested by stirring with water or by 
rubbing in the hands, shall not show the existence* of more than 
one-half of one per cent, of loam, clay or eartfi. No sand shall 
be used for the outside finish of any concrete wliicli coiitiiiis 
small particles of coal or of lignite, although sand of thif§ cliar- 
acter may be accepted for foundation concrete, or for the in* 
terior portion of any heavy piece of concrete work. 

D—Cement shall in all cases be approved by the Engincef 
of Bridges, and the Inspector in charge of the work sliaii re¬ 
ceive a written approval before permitting concrete to t)€ made 
from any cement delivered. Where passible, ccniciil shall fie 
delivered in time to have samples properly taken and sent to 
the office of the Engineer of Bridges, for making the iwiial 
one-day and seven-day tests of neat cement. Contractors shall 
provide storehouses at the site of the several pieces of work iii 
which to unload and store cement. Cement which is dflivrrfd 
on board cars must be unloaded promptly and stored in «ifh 
warehouses, and the cars returnetl to the company's srrvicf. 
In no case will it be permitted to retain hm cars on the work 
for the storage of cement. Cars which may be m hrh! shall 
be charged to the contractors at the rate of one dollar 
per day for each day after the second day so held miloadfd. 
Contractors shall be responsible for the projiiT rarr fif tins 
cement after it has been received and stored, aiir! aiiv miiciif 
injured through carelessness or neglcTt shall tie rr|ri1rtl 
promptly by the Inspector in charge. No brand of ceiiirnt 
shall be used in any concrete work which !i:im fio! fice!i ric-' 
cepted in writing by the Engineer of Bridges, such acre|it4«fe 
to be based upon regular tests, where possilile. Tip* !ti*iprcfor 
shall, from time to time, make small pats of pure ciunfuif. :uid 
of cement mixed with sand, to satisfy himself fhai the vnnmtt 
actually used is of uniform character, and has no! fieeii iii" 
jured by exposure to weather or in any ot!if*r wav, and iiinv 
reject any cement which is wet or Iunip>% or which fails Im set 
properly in sample pats, and the contractor shall miifive the 
same promptly from the work. 

4 - Natural Cement Concrete may be iifcpI \vlif*re fiuiiifli- 
tions are entirely submerged below low water mark or where 
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there is no risk of the same being exposed to the action of the 
weather by cutting awa/ the surrounding earth. Natural 
cement concrete, however, shall be used only where a firm and 
uniform foundation is found to exist after excavations are com¬ 
pleted. In all cases where foundations are liable to be exposed 
to the action of the water, or wliere the material in the bottom 
of excavations is soft or of unequal firmness, Portland cement 
concrete must be employed for foundation work. 

(See specification for using railroad iron in foundation.) 
(Par. No. i6.) 

5. Natural Cement Concrete shall usually be made in the 
proportions (by measure) of one part of approved cement to 
two parts of sand and five parts of crushed stone, all of char¬ 
acter as above specified. For Portland cement concrete foun¬ 
dations one part of approved cement, three parts of sand and 
six parts of crushed stone may be used. Wherever in the judg¬ 
ment of the Engineer or Inspector in charge of the work, a 
stronger concrete is required' than is above specified, the pro¬ 
portions of sand and crushed stone employed may be reduced, 
a natural cement concrete of one, two and four, and a Portland 
cement concrete of one, two and five being substituted for those 
above specified. 

6. Portland Cement Concrete for the bodies of piers and 
abutments, for all wing-walls for same, and for the bench walls 
of arch culverts shall generally be made in the proportions (by 
measure) of one part of cement, two and one-half parts of'sand 
and six parts of crushed stone. Where special strength may 
be required for any of this work, concrete in the proportions 
of one, two and five may be used; but all such cases shall be 
submitted to the judgment of the Engineer of Bridges, before 
any change from the usual specification is to be allowed. 

7 . For Arch Rings of arch culverts and for parapet head 
walls and copings to same, Portland cement concrete, in pro¬ 
portions of one, two and five, shall generally be used. Con¬ 
crete of these proportions shall also generally be used for para¬ 
pet walls behind bridge seats of piers or abutments, and for the 
finished copings (if used) on wing walls of concrete abutments, 
also for arch work in combination with I-beams or in combi¬ 
nation with iron work for transverse loading, 

8. Bridge Seats of piers and abutments and copings of 
concrete masonry which are to carry pedestals for girders or 
longer spans of iron work, shall generally be made of crushed 
granite and Portland cement, in the proportion (by measure) 
of one part of approved cement, two parts of fine granite screen- 
ings, and three parts of coarser granite screenings, the larger 
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of which' shall not exceed three-fourths inch in greatest di¬ 
mension. 

8a. Jacketing Work shsll consist of concrete in propor¬ 
tions of one (i) part of cement, two (2) parts of sand and 
either four (4) or five (5) parts of fine crushed stone (selected, 
if necessary, so that the largest pieces shall not be over one and 
one-half (i^) inches in greatest dimension). This material 
shall be used as a coating over masonry which is in bad con¬ 
dition, the thickness to be used varying from a minimum of 
four (4) inches to a maximum of, say, ten (10) inches, and 
generally averaging at least six (6) inches in thickness. It 
shall also be used for linings of tunnels or culverts in which 
the masonry is defective, or where added strength is required. 
This material shall be placed in molds which shall generally 
be built slightly in advance of the work. Special pains shall 
be taken in placing and ramming this material, so as to produce 
a smooth exterior finish, and to fill completely all crevices, 
either small or large in the old masonry. No facing mortar 
will be required in this work, but a finished face shall be pro¬ 
duced by spading and working the fine material of the concrete 
next to the mold. Material of this character shall be paid for 
by the cubic yard at a special price to be named in the proposal. 

MIXING CONCRETE. 

9. All concrete must be mixed on substantial platforms 
of plank or boards securely fastened together, so that the var¬ 
ious materials of the concrete can be kept entirely free from 
admixture of foreign matter. Hand-mixed concrete shall not 
be made in batches of more than one yard in each batch. The 
proper amount of the several kinds of material shall be meas¬ 
ured in some way which is entirely satisfactory to the Engineer 
or inspector in charge of the work, so that they may be satisfied 
that the requisite proportions of each kind of material are de¬ 
livered for each batch of concrete. Satisfactory methods of 
measurement will be the use of headless and bottomless barrels 
for measuring sand and broken stone; the use of boxes into 
which the sand and stone may be cast and leveled off (the 
boxes then being removed), or the use of square and uniform 
sized wheelbarrows, expressly designed for this purpose. The 
measurement of sand and broken stone in the ordinary shallow, 
round bottom wheelbarrow will not be considered satisfactory, 
and shall not be permitted. 

TO. The detail of mixing concrete by hand shall be gener¬ 
ally as follows: the proper amount of sand shall be measured 
out and spread upon the concrete platform, and the proper 
amount of cement shall be delivered and spread upon the same; 
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the sand and cement shall be turned over dry, either ])y means 
of shovels or hoes, until they are evenly mixed. They shall 
then be wet and made into a rather thin mortar, and shall then 
again be spread into a uniform and thin layer upon the con¬ 
crete platform. The proper amount of concrete stone (the 
same having been previously drenched with water) sliall be 
spread upon tlie mortar, and the whole shall be turned over at 
least twice, either by shovels or hoes, before it is loaded into 
wheel-barrows, or in any other way taken to be placed in the 
work. In wetting the mixture of sand and cement to make the 
mortar, and in wetting the subsequent mixture of .stone, sand 
and cement (if nece.ssary), a spray or sprinkler shall be used. 
The water mu.st not be da.shed upon the mass in Inickcts nr large 
quantities, or by means of a jet. The imspector shall insist that 
the resultant mixture of sand, cement ami .stone is as nearly as 
possible uniform in character, the mortar being eciually distri¬ 
buted throughout the mass of the stone. The inspector shall 
also see that the mixture is neitlier too wet nor too dry. It 
should be of .such a consi.stency that, when thoroughly rammed, 
it will fpiakc .slightly, but it .should not be thin enough to quake 
in the barrow, or before ramming. The insjiector shall satisfy 
himself that the proper proportions of cement, .sand and stone 
arc used, clieckiiig from <lay to day or from time to time with 
the total amnniit of each which is’received and used. 

11 . Machine-mixed concrete .shall be made of the .same 
general consi.sleney as the hand-mixed eonerele abfjvc .specified. 
J’roper precantions shall be taken to see that tlie reipiisite pro¬ 
portions of the dilTerent ingredients are used. If machines arc 
used wliieh are not provided with ilcviees to deliver eacli of 
them, the process of making the concrete shall gisierally be as 
follows; 'I'lu! proper ainonnt of .sand, eeiiuMil ;iiid ston’e for u 
bateli not to e.xceed one yard of coiierete shall be delivered on the 
platform, ami roughly mixed together .so that when tli<‘ drv inas.s 
is cut down and <Ielivercd to the mixer by nieatis of .shovels, 
proper amoimfs of each of the ingredients are handled in each 
shovel fill. 

It will not be regardeil as a satisfactory process to deliver 
eru.sbeil .stum*, .sand ami eeinenf at random’to the mixer, witli- 
ont talo'ng .some .speci.al means, as above deseribe<l, to insure 
the delivery of the ])roper quantities of each ingreilient as nearly 
as may be sinuiltaneously. 


MOUIS. 

12. M01.D.S of substantial character sliall be made in wliicb 

to construct all eoncri'fe work. The material for llu*se molds 
shall Ik- furnished by the contractor, and the expense of furnish- 


338 


COMPLETE SPECIFICATIONS. 


ing this material and of constructing and removing all molds 
shall be covered in the price per yard paid to the contractor for 
the several classes of concrete work called for. The face of the 
mold next to the concrete shall be finished smooth, planks which 
are dressed at least on one side being employed for this purpose. 
Material for the molds shall be of sufficient thickness, and the 
frame holding them shall be of sufficient strength, so that they 
shall be practically unyielding during the process of filling, 
tamping, etc. The different parts of the frame work for the 
mold may be fastened together, if desired, by tie rods or wires 
extending through the concrete. If tie rods , are used they shall 
be so designed that no iron work will be left outside of the con¬ 
crete or within less than two inches from the face of the same 
when the molds are, removed. This may be accomplished by 
sleeve nut connections which will permit the removal of the 
projecting ends of bolts or rods, etc., leaving only small holes in 
the concrete which can be stopped with pointing mortar after 
removing the molds. Another satisfactory method of brac¬ 
ing molds is to construct them with cross ties between the front 
and back, these ties to be placed at frequent intervals above the 
lower portion of the mold and to be removed as the concrete 
is built up, the studding out of which the molds are constructed 
being sufficiently long to extend above the top of the finished 
masonry, and at least one set of ties being used above this level. 
In general 2-inch plank, sized to approximately if inch thick¬ 
ness, shall be used for the facing of all molds, and studding for 
frames shall be placed at intervals not more than 4 ft. apart. 
The planking forming the lining of the molds shall invariably 
be fastened to the stitdding in perfectly horizontal lines, the 
ends of these planks shall be neatly butted against each other, 
mnd the inner surface of the mold shall be as nearly as possible 
perfectly smooth, without crevices or offsets between the sides 
or ends of adjacent planks. Where planks are used a second 
time, they shall be thoroughly cleaned, and, if necessary, the 
sides and ends shall be freshly jointed so as to make a perfectly 
smooth finish to the concrete. 

13. The molds for projecting copings, bridge seats, para¬ 
pet walls, and all finished work shall be constructed in a first- 
class, workmanlike manner, and shall be thoroughly braced and 
tied together, dressed surfaces only being exposed to the con¬ 
tact of concrete, and these surfaces shall be soaped or oiled if 
necessary, so as to make a smoothly finished piece of work. 
The top surfaces of all bridge seats, parapets, etc., shall be made 
perfectly level, unless otherwise provided in the plans, and shall 
be finished with long, straight edges, and all beveled surfaces 
or washes shall be constructed in a true and uniform manner. 
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Special care shall be taken in the construction of the vertical 
angles of the masonry, and where I-beams or other iron work 
are not used in the same, small wooden strips shall be set in the 
corners of the mold, so as to cut off the corners at an angle of 
forty-five (45) degrees, leaving a beveled face about one and 
one-half (i j) to two (2) inches wide, instead of a right 
angled corner. 

14. Where wing walls are called for which have slopes 
corresponding to the angle of repose of earth embankments, 
these slopes shall be finished in straight lines and surfaces, the 
mold for such wing walls and slopes being constructed TXrith 
its top at the proper slope, so that the concrete work on the slope 
may be finished in short sections, say from three to four feet 
in length, and bonded into the concrete of the horizontal sec¬ 
tions before the same shall be set, each short section of sloped 
surface being grooved with a cross line separating it from adja¬ 
cent sections. It will not be permitted to finish the top surface 
of such sloped wing walls by plastering fresh concrete upon 
the top of concrete which has already set, but the finished work 
must be made each day as the horizontal layers are carried up, 
to accomplish winch the mold must be constructed complete 
at the outset; or, if the wing wall is very liigh, short sections of 
the mold, including the form for the slopes, must be completed 
as the horizontal planking is put in place. 

_ 15. Foundation concrete may be put into excavations 
without the u.se of molds, provided the sid<‘s of the excavation 
are rea.sonably true and the material is .sufficiently firm, so that 
the concrete may he rammed thoroughly without yielding of 
the adjacent earth. Where a cheaper kind of concrete i.s u.sed 
for foundation work, the top of the same .shall he finished 
smooth and level, the corner.s and edges being Ihnronghly ram¬ 
med and cf)inj)act(*d, and the whole stirface filled fnll of mortar. 

It will not he .satisfactory to leave a honey-comhed surface or 
one on which a lot of loose concrete stone is left .scattered about 
It is not expected that the surface of such fouudation work 
shall be accurately leveled unless cut stone masonry is to he 
built upon it,_ hut the Tn.spector mu.st insist that that portion of 
such foundation concrete which projects outside of the inasnnrv 
which is to he hnilt npon the foundation ninsf he* thoronghly 
ranuned and c'oiiijiac'teil, ancl must liave a finished .surface. If 
this cannot 1 k>_ ac'complished without cou.structing a mold for 
the uiijicr portion of such foundation, the contractor .shall fur- 
nnsh material and con.struct .such mold, and the cost of the same 
shall be included in the price of the foundatitin concrete. 

u furni.shed by the Railroad ('ompany 

shall be laid and imliedded in such maimer as may ho .specified 
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in such foundation concrete as in the opinion of the engineer 
of bridges needs such strengthening, and no extra charge, ex¬ 
cept the actual cost of handling the game, shall be made by the 
contractor for such work, but the volume of such iron shall be 
estimated as concrete. 

1 7 . Where I-beams are to be placed in the angles of con¬ 
crete piers as a protection against ice, drift, etc., these shall be 
set up and securely held in position so that they will extend one 
foot or more into the foundation concrete. The planking of 
molds shall be fitted carefully to the projecting angles of these 
I-beams and small fillets of wood shall be fitted in between the 
inner faces of the mold and the rounded edges of the I-beam 
flanges so that no sharp projecting angle of concrete will be 
formed as the work is constructed. 

These fillets may be made in short pieces and fastened 
neatly into the mold as the layers of concrete are carried up. 
Such I-beams will generally be furnished of sufficient length 
to extend at least six inches above, the top of the battered ma¬ 
sonry into the concrete copings, and special pains shall be taken 
to tamp the concrete thoroughly around the I-beams, and to 
finish the coping above and around the ends of the same, so as 
to make a compact and solid bearing against the iron work. 

18. Where anchor bolts for bridge seat castings are re¬ 
quired, they shall be set in place and held firmly as to position 
and elevation, by templets, securely fastened to the mold and 
framing. Such I-beams and anchor bolts shall be embedded in 
the concrete work without additional expense beyond the price 
to be paid per yard for the several classes of concrete in which 
such iron is placed, the volume of iron being estimated as 
concrete. 

19. After the work is finished and thoroughly set, all 
molds shall be removed by the contractor. They shall gener¬ 
ally be allowed to stand not less than forty-eight hours after 
the last concrete work shall have been done. In cold weather, 
molds shall be allowed to stand a longer period before being 
removed, depending upon the degree of cold. No molds shall 
be removed in freezing weather, nor until after the concrete 
shall have had at least forty-eight hours, with the thermometer 
at or above 40 degrees F., in which to set. 

PLACING CONCRETE. 

20. Concrete shall generally be placed in the work in 
layers not exceeding six inches in thickness, and, in general, 
one layer shall be entirely completed before another one is com¬ 
menced. If delivered by wheel-barrows it shall be dumped as 
closely as possible where required, so as to avoid as much as 
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possible the handling or turning over the same by means of 
shovels within the excavation or mold. Where it is not practi¬ 
cable entirely to complete one layer before commencing a second 
one, a plank, six inches wide or more, shall be securely fastened 
into the excavation or mold, against which the end of the layer 
of concrete shall be rammed, thus providing for a vertical joint 
in this layer of concrete, and if a second layer has to be stopped 
short of the full length of the work, a second cross plank, placed 
at least one foot back from the end of the first layer, shall be 
secured to the excavation or to the mold, against which to ram 
the second layer of concrete, flayers of concrete masonry nni.st 
not be tapered off in wedge-shaped slopes, but must be built 
with square ends in the method above described, and the sur¬ 
face of each projection shall be finished hard and snuKJth, and 
flushed full of mortar, no porosities or loose stone being left 
thereon. Layers must not be made of greater thicktiess than 
six inches, unle.ss specially permitted, and each layer must be 
thoroughly rammed, and the concrete must be of such consist¬ 
ency that heavy ramming will produce a sliglit i|uakiiig action. 
In other words, the concrete must be so thoroughly compacted 
that tliere will be no pores or open .si>aces bc‘t\v<‘cn flic stone 
of which h consists, which arc not thoroughly filled with mortar. 

The inspector shall insist upon the tlmrtingli com[iacling 
and ramming f)f all concrete, and shall see th’at a sulTicient 
number of nicu, furnished with suitahle rammers, are assigned 
to this work. I'.nongh men .shall he em))Ioycd ramming, so 
that each hatch may he spread and rammed heftire another hatch 
IS dumped within the mold. The ramming must lie completed 
as the work progresses. 


2t. h'oumlatioii concrete, if put into excavations which 
are not protected liy molds, need not have aiiv special atten¬ 
tion given to the finish of the concrete against the earth around 
it. Wlart? it is necessary to use molds in tla* eonstrnciion of 
foundation work, the finer material of the conereti' sh.all be 
worked to the outer portion of the mass against the molds so 
as to m.snre tlu* filling with mortar of all imres or open spaei-s 
between the concrete stoius As before fleseribisl, file (op sur¬ 
face of all foundation concrete shall he finished, so that no 
loose stone or open and porous places are left n|win the same, 
especially m (he portions of the foundation which project nnt- 
.SKlc the niiiRT portion of the work. If necessarv. the Instieetor 
shall have (he contractor make lialches of morlar, consisiin'>- of 
one part of (mment to three parts of .sand, the .same h'eim-- 
thoroughly mixed, ami shall cover the whole surface of tlie 
foundation concrete with enough of this mortar to flush full 
all such open, pt)r{,)ns f)Iaces. 
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22. A Facing of Mortar, consisting of one part of cement 
(by measure) to two parts of sand, shall be put in next to the 
molds, for all Portland cement concrete work for piers, abut¬ 
ments, arches, wing walls, parapet walls, and any other places 
where * directed by the engineer in charge, to form a finish for 
all such parts of the above classes of work as are to be exposed - 
to the weather, or which are liable to become so exposed. A 
similar facing shall be used for the top surface of all concrete 
masonry not finished with granitoid work, and such surfaces 
shall be finished in the style of sidewalk work. 

It is not intended to use such a facing on the backs of abut¬ 
ments or wing walls, against which earth filling is to be placed, 
and where the same must necessarily be maintained, but the 
same shall be used for the faces and for the upper twelve inches 
on the backs of all wing walls,* for the backs of parapet walls, 
for the intrados of all arch work, and as a plastering on the out¬ 
side of the same, and in all such places where the washing away 
of earth may expose concrete work to the action of the weather. 
It is not intended to use such facing for any copings, bridge- 
seats, parapets, etc., which are to be of granitoid construction. 
The exact thickness of one and one-half inch for this facing 
shall be secured in the following manner: A piece of sheet 
iron six inches in width (the height of one course of concrete), 
and of any convenient length, say from six feet upwards, hav¬ 
ing small angle irons, the projecting leg of which shall be one 
and one-half inches in width riveted to its face, at intervals of 
about two feet, and provided with handles standing above the 
upper edge at or near each end, shall be furnished by the con¬ 
tractor for use at each piece of work where necessary. This 
piece of iron plate, if placed with the projecting angles against 
the face of the mold, will leave a space of one and one-half 
inches between it and the mold. This space shall be filled with 
the mortar required for the facing, which mortar shall be mixed 
in small batches from time to time as needed for the work. 
When the space between the iron plate and the mold is filled 
and tamped with a shovel or other tool to insure complete filling 
of the whole space between the iron plate and the face of the 
mold, and when the layer of ordinary concrete is backed up 
against this iron plate, it is to be withdrawn by means of the 
handles and the whole mass of concrete rammed in one uniform 
layer. The Inspector shall see that the space of one and one 
half inches is entirely filled with the mortar, which should be 
of a consistency so that it will flow somewhat freely. At the 
same time this mortar must not be made so thin that the crushed 
stone may be forced through it in the process of ramming. By 
using the mold in the manner above described, the face of each 
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layer may be made of exactly the right amount of mortar, and 
fte proper thickness of the layer may be accurately determined. 
Ihe intention is that the facing and the backing shall be ram- 
together. In no case is one to be put in advance 
of the other, or so that either may set before the other. In no 
case shaU the Inspector or Engineer in charge permit any work 
to be finished by plastering mortar on concrete which has set 
but should It become necessary at any time to refinish a sur¬ 
face which has set, it shall be picked off so that at least three 
(3) inches of mortar can be added, and the surface of the old 
TOncrete shaU be roughened and thoroughly wet before new 
for^fadng material being mortar as specified 

:t f concrete shall be kept truly horizontal, and 

It, for any reason, it is necessary to stop work for an indefinite 
period. It shall be the duty of the Inspector and of the con- 
, tractor to see that the top surface of the concrete, is properly 
finished, so that nothing but a horizontal line shall show on the 
face of the concrete, as the joint between portions of the work 
constructed before and after such period of delay. If for any 
reason, it is impossible to complete an entire layer, the end of 
the layer shall be made square and true by the use of a tem¬ 
porary plank partition, as specified in paragraph twenty (20). 
No mregular, wavy or sloping lines shall be permitted to show 
concrete work as the result of constructing 
different portions of the work at different periods, and none but 
horizontal or vertical lines shall be permitted in such cases 

24 - mere concrete is to be put into a foundation below 
water level, all water shall as far as possible be removed from 
the excavation._ If it is impossible by means of the ordinary 
pumjxng facilities to control the flow of water, the excavation 
may be taken out in sections, and the concrete may be placed 
in the foundation, section by section. Special care should be 
taken to ram thoroughly the bottom layer of concrete, and to 
remove all mud and clay from the vertical face of each section 
of concrete, as additional sections are excavated and prepared 
for addition of concrete work. Where the foundation is soft 
as, ^for example, where piles are used, either fine or coarse' 
broken stone may be spread over the bottom of the excavation 
and thoroughly rammed into the earth before putting in any 
'^^se shall a dry mixture of sand, cement and 
crushed stone be put into a foundation. The concrete may be 
mixed with a less proportion of water, but should not be placed 
in the foundation without thorough mixing. Where strata of 
gravel and sand permit the entrance of water into the fotinda- 
tion whh such freedom that small sections of the same cannot be 
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through a pipe into the loose gravel and sand 

Z 5ie bottom of the foundation; this work being done while die 

exSvation is filled with water. The pipe through which this 
excavation uuc rushed a few nches below the sur- 

Co?thTitv? »d a bSS'M O, more of grout should be 

?o™ through d.e pipe, «■« TO* being to 

nr fwn feet and the operation repeated, distributing me grout 
Lfthe whole area of the bottom to be thus cemented and the 
S to should be allowed to stand for twenty-four to thirty 
S hour? It will generally be found that the sand and gravel 
S rconverted into a water-tight concrete, permitting the 
niimnmp- out of the excavation. 

^ 2?^ Where it is impossible to complete parapet walls, cop¬ 

ines ete on account of stringers or other wood or iroii work 
necessary to maintain structures over which tracks are m use, 
S work shall be finished to horizontal and vertica lines, and 
Sth smfLes filled with mortar, so that when possible to com- 
olete the concrete work, the joint betweep the new and the old 
work shall show nothing but straight, level and vertical lines. 

26 Expansion /oinf^.-Where masonry structures are 
more than one hundred feet in length, such provision for expan¬ 
sion joints shall be made as may be specified by the Engineer of 
Bridges or his assistants. Generally m the construction of 
large arches, or of smaller, long concrete arches the work shal 
Ebdividk into sections of approxunately twenty-five feet 
in length, each section being separated from the adjacent one 
by a vertical joint extending entirely through 
arch rings, etc.; but the foundation work shall be stepped as 
previously explained, and made in one contmuous monolithic 
mass. Temporary vertical partitions shall be put into the 
molds, against which the concrete shall be thoroughly 
where arch culverts are subdivided into short lengths, as above 
specified, these partitions being removed as each section is com¬ 
pleted, and the next adjacent section being rammed against the 
concrete already constructed and set. The joints thus made 
gtiall not be flushed with mortar, nor shall any attempt be made 
to iriake the fresh concrete adhere to the older work, but a srnall 
beveled strip of wood shall be set in the angle next to the 
temporary partition so as to make a “V” groove, defining the 
joint and leaving a depth of, say, three-fourths (f)_ o an 
inch on the finished face of the work, it being the mention that 
any contraction shall open or that settlement shall effect a slid¬ 
ing action at such vertical joints, rather than to break up the 
concrete in the separate sections. 
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27. After tlie inol(l >5 are rcinoved, if there shrntld he found 
any smal pits or openings on the exposed faces of the concrete 
(or If bolts are used for securing the molds the ends of which 
are removed leaving small holes) all such holes, pits or porous 
places shall be neatly stopped with pointing mortar, made of 
equal parts of cement and san.l and mi.xed in small quantitic.s 
to byised before the same shall set. Although it lias not been 
specified to use a f.icing of mortar for such niasonry as is to S 
permanently buried or covered by earthwork, such mi>—- 
shall not be constructed and left with pores and honey-f 
surfaces. All such pores and ojicnings shall he stoppec' 
pointing mortar, composed of one part of cement and t* 
of sand, the same to be neatly filled into all op' 
smoothly finished, in ndviincc of ^ny filling against 

name plate and date. 

28. A name plate and date shall be furnished by the con¬ 
tractor and put upon one piece of ma.sonry at each bridge or 
job conslriictcil by him, such plate to be of hras.s oJ co S Z 
other durable metal, furnished witli holts or projectinits on the 
back to he buried m the concrete and to .secure it firmly to the 
same, and having on it the contractor’s name and the'date of 

work is constructed. These 
plates should he placed upon the parajict wal s of abutments 

should he levd w ! iT ‘‘f work is fmi.shed and 

fcnuuui nt uvej with tlic surface of the sanie* 

extra wonre. 

workafJlkV.t-' i','"t?t''*”l f'Tt’Roing .speeifirations that 

w rk ol .ill kinds shall lie <i,me l,y pnce.s. ft shall he nai.i 

muiiled ‘"un kinds of work 

iu|iiii<(l. Wherever, m the judgment of the h'.mdneer in 

slnK^ enutraetor, the eonditinns 

Inissir I S ' il Ii? /!“• V • "f Hriilges, whose per- 

;Te 1.. , .^ / wnlmg for all extra work to he 

■ Hiuiallv snt*}i wfjj'k sjiall tic dniie at the artna! cost 
aiid the contractor shall he .-dlowed ten ( 10 ) jier cent hi addi- 
tion, to .-over snpermt.-ndenee, the use of tonll. ete. N.h> 

£ oriml."' provided when flic work 

ill alf extin wn!f- TT^i ••‘"'1 niaferial n.scd 

to I c Assktlw^^ "■ "'‘'‘l'*' on the work 

Ass,.slant Lngmcer or In.speetor in charge of the work, 
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who shall check the same from day to day and settle all dis¬ 
puted questions as to labor and material used. A return of all 
S extra work-shall be made by tke contractor (or by his 
foJSnaS at the end of each month, which shall be given to 
the Engineer or Inspector on the work for certfication, and 
shall be sent to the Engineer of Bridges, with the estimate of 
work done at contract prices, sb that the monthly 
cover all work done during the month. In general, dl bills 
for Jxtra work claimed to have been done by the contractors 
shall be rendered monthly and shall be certified to by the Engi¬ 
neer or Inspector in charge of the work. 

CLASSIFICATION OF PROPOSALS. 

31. Contractors will be requested to name prices for the 

following materials and kinds of work: ' . 

а. A price per lineal_ foot for piles furnished and driven 

in cofferdams and foundations. 1 1 -u ^ 4 . 

б, A price per M. ft. B. M. for timber, plank, boards, etc., 

used in cofferdams, sheeting, etc. 

A price per cubic yard for dry excavation. 
d. A price per cubic yard for wet excavation. 

A price per cubic yard for rock excavation. , 

f, A price per cubic yard for foundation concrete of nat¬ 
ural cement, proportions of one, two and five. 

g, A price per cubic yard for foundation concrete 01 nat¬ 
ural cement, proportions of one, two and four. <• -rv. , 

h, A price per cubic yard for foundation concrete 01 irort- 

land cement, proportions of one, three and six. 

^ price per cubic yard for foundation concrete of Port¬ 
land cement, proportions of one, two and five. 

A price per cubic yard for Portland cement concrete m 
piers, abutments, bench walls of arch culverts and. wing walls, 
including mortar facing, proportions of one, two and one-half 

and six. , 

k. A price per cubic yard for Portland cement concrete m 
arch rings of arch culverts, parapet walls, copings, etc., propor¬ 
tions of one, two and five (including mortar facing for same). 

I A price per cubic yard for granitoid concrete as speci¬ 
fied for bridge seats and copings, proportions of one, two and 

three. / j 

32. The prices for all kinds of concrete (except founda¬ 
tion concrete) are to include all molds, framing, tie rods, braces, 
etc., required in constructing concrete, in accordance with the 
detailed plans. 

March, 1900. 

Accepted .. Contractor. 
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172. Specifications for Railway Road-bed. The fol¬ 
lowing specifications cover all the work of building a road-bed 
of a railroad including clearing, grading, and all fixed struct¬ 
ures which make a part of the road-way with the exception of 
span bridges. It is the latest form (1902) used by one of the 
leading and most careful railroad consulting engineers in the 
country and a past President of the American Society of Civil 
Engineers. The general stipulations are not included here. 


CLEARING AND GRUBBING. 

The whole width of the right-of-way shall be cleared of all 
trees, stumps, logs, brush and other perishable matter, and all 
fences and buildings which come within the limits of the right- 
of-way shall be removed to or beyond these limits. 

Under embankmcnt.s less than three feet in height, and 
wherever there is an excavation of any depth, all trees^ stumps 
and brush shall be grubbed out, and under embankments three 
feet or more m height they .must be cut ofT close to the ground 

All timber on the right-of-way i.s the property of the Rail¬ 
way Company or of the owners of the land, ami in the latter 
epe may be removed by them witliin a reasonable time. All 
timber not so removed .shall be cut by the (fontraetor into .such 
kngths and piled in .such manner a.s may lie direeteil bv the 
Engineer. All .stunip.s, brusli and wortlil'ess timber are "to be 
burnt up when it can be done with .safety; but in no ease are 
tree tops or other rubbi.sh to be thrown onto adioining land 
except with the consent of flie land owner. 

Clearing shall bt* paid for by the lump .sum or by the acre 
the price paid therefor being understood to include’all neees’ 
sary grubbing. 

The removal of fences excepting hedges shall be done with¬ 
out charge, am that of binhlings at .such price as may be agreed 

upon or may be fixed by the Kngineer in the ab.senee of an 
agreement. 

Hedge fence's must be grubbed out within tlie liniit.s of 
the right-of-way am comiilelely burned up, for which a price 
of.Iiumlred feet will be paid. 

ORAniKG. 

h. ;frrf the head of grading will 

fn •'‘"'I entbankrm'iit.s m'cded for the 

rmation of the mad bed and for all acce.ssorv works, such a.s 
foundation pits, new channels for streams, ro,id( crossings and 
new roads which may be directed by the Engineer ^ 
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rule the following side slopes and widths at grade 
ed: In earth excavations 22 feet at grade, with side 
one horizontal to one vertical. In rock excavations 
,t grade, with side slopes of one-fourth horizontal to 
cal« 

mbankments the side slopes shall be one and one-half 
aI to one vertical, and the width at grade shall be for 
.anks less than six feet in height, sixteen feet; for banks six 
;eet in height and up to sixteen feet in height, eighteen feet; 
and in banks over sixteen feet in height, twenty feet; but t^se 
widths and slopes may be varied at the discretion of the En- 


The road bed and the slopes of all excavations and embank- 
itients must be neatly and truly finished to the stakes and di¬ 
rections given, and no wheel tracks or other depressions left 
which will lead the water along the road. After finishing the 
work the contractor must build such fences or other obstruc¬ 
tions as will prevent teams from driving along the road and 
maintain them until the final acceptance of his work, and he 
must repair any damage resulting from neglect of this pre¬ 
caution. ^ . j X 

In rock cuts the Contractor will, as a rule, be required to 

carry excavations six inches below the ordinary sub-grade, in 
order to allow for ballasting. If of suitable quality, the rock 
thus excavated shall be broken up so that it will all pass 
through a two-inch ring and be left in good surface to receive 
the track. For this breaking and surfacing an additional al¬ 
lowance of 25 cents per yard measured in excavation will be 
allowed. 

Excavation and Ditching .—All material taken from exca¬ 
vations, whether for the road bed or for ditches, new channels, 
or other accessory works, shall be used as the Engineer shall 
in each case direct. Where there is any surplus beyond what 
is needed for the embankments, which for this purpose may 
be widened to any extent, it shall be deposited in spoil banks. 
All spoil banks shall be sloped on the side next the road with 
a slope not steeper than one and one-half to one, and be kept 
at least six feet from the edge of the excavation. 

The Contractor when so directed by the Engineer, shall 
deposit at such convenient points as he may designate, any stone 
or other valuable material which may be found in the excava¬ 
tions. All material so deposited shall be the property of the 
Railway Company, and the Contractor will be held responsible 
for its safe keeping until removed by said Company, or until 
. this contract is closed. 

All falls or slides from the sides of the excavations shall 
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be taken out by the Contractor, and, except when due to his 
carelessness or neglect, will be paid for at the same price as 
Other excavation. 

Side ditches along the road bed in excavations shall be cut 
of such widths and dcjiths as the Engineer may direct. Drain¬ 
age ditches outside of the excavations as well as new'channels 
for streams shall be made whenever directed by the Engineer 

Excavation for foundation pits under water or for deepen¬ 
ing new channels in running water will be paid for at kch 
price as may be agreed upon, or as may be fixed by the Engi'- 
neer in the absence of an agreement. But in either c^se the 
price paid shall cover the cost of all pumping, bailing and all 
labor and materials used in such excavation. 

Embankments .—As a rule earth embankments, except as 
herein otherwise specified for filling over culverts must be 
built with wagons or scrapers. The Engineer, however, may 
permit the use of cars where such use will materially expedite 
the work or reduce its cost. 

All embankments must be commenced and carried up to 
the top at full width, the side.s being kept at all times as high 
p the center, and be built up in layers not exceeding four feet 
in thickness, in such manner as to make the hank as comimct 
as possible. TI.u'.v .shall al.so he carried to such lieight above 
the final grade line as the Engineer may deem necessary to pro¬ 
vide for shiinkagc, washing and settlement, and he maintained 
at their proper height and width until accepted hv the Chief 
Engineer, hut the comiuitation of quantities .shall he made from 
the true cross .sections to which it is presumed the cmh.inkments 
Will nnallv settle. 


_ _ In tilling over masonry enlverts care must he taken to avoid 
injury or di.stiirtiiin to the ma.simrv, and if directed hv the Emri- 
necr, the earth shall he wheeled „r placed willi shnvids over'and 
around the culverts and he earefnllv rammed in thin Irivers 
hor sncl; wheeling and tamping such allowance will he made a.s 
the Juigiiiecr shall deem jie.t. 

h. '”''i''h or other peri.sliahle materials will 

DC allowed ni any (‘nibanknaaif.s. 

A’nm«em,'f.-dn ease snfTicient material eaiinot he olitainerl 
by hauling from tli,' eseavations. tlm detieienev mav lie iiia.lc 
up by liornnvmg, .suhjeet, however, to the direefion of Hm Ji;,,. 
ginecr, in eaelm-ase as (o the place from wliieli to borrow. 

1.arrow pits alnm.side the railroad shall not he hroiiHit 
ncaiei tri ihc toe nf the emliniikmeiif than six feet, nor neaiVr 
to the right-of-way line than two feet, and .shall have a .slope 
next the railroad not .steiqier than one and one lialf to one. 
Borrow juts must he excavated neatly, irregular edges and deej) 
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holes being avoided, and they must be so connected together 
as to give efficient drainage along the railroad. 

Classification of Materials.—The materials found in exca¬ 
vations will be classed as Solid Rock, Loose Rock and Earth, 
the Chief Engineer being in every case the final judge as to the 

class to which any material belongs. 

Solid Rock will include all loose boulders containing one 
cubic yard or more, and all hard rock in- compact strata or 
ledges exceeding six inches in thickness, which, in the judg¬ 
ment of the Engineer, cannot be loosened except by blasting. 

Loose Rock will include all loose boulders containing, more 
than two cubic feet, and less than one cubic yard, and all mater¬ 
ials requiring the use of pick and bar, or which cannot be 
plowed with a strong ten-inch grading plow, well handled, 
drawn by a good six-horse team. 

Earth will include all materials of whatever kind which 
do not clearly belong to one or the other of the foregoing 
clSlSS6S* 

Whenever material of any kind other than Earth is found 
in an excavation, the Contractor shall at once notify the Engi¬ 
neer in charge, so that he may make the necessary measure¬ 
ments to determine its quantity. If the Contractor shall fail 
to give such notice, the Engineer may presume that the meas¬ 
urements taken at the time he first sees the material in question 
will give the true quantity. 

Solid or Loose Rock excavation will be paid for by adding 
to the price of Earth excavation an extra price named in the 
contract, which shall cover the additional cost of loosening and 
loading the material. 

■ RULES FOR MEASUREMENTS. 

For payment, earth work will be divided into three classes, 
as follows: 

All material taken from excavations of every kind, ex¬ 
cepting borrow pits, will be classed and paid for as excavation. 

Earth taken from borrow pits opened to furnish material 
not obtainable from other sources and delivered in embank¬ 
ment, will be classed and paid for as earth borrowed. So much 
of the material from excavations or borrow pits as is neces¬ 
sarily hauled more than three hundred feet, will be classed as 
material overhauled, and a price in addition to that for earth 
excavated or earth borrowed will be paid for the hauling, said 
price to be a price per cubic yard for each one hundred feet 
of haul in excess of three hundred feet. 

Earth excavated will be measured in excavation; earth 
borrowed, where the whole embankment is made of earth, will 
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be measitred in embankment. Where the bank is made partly 
of rock and partly of earth, the amount of earth borrowed may 
be determined either by measuring the borrow pit or by meas¬ 
uring the embankment, as in the judgment of the Enginer- 
will give the greater certainty. 

Solid rock and loose rock will be measured in excavation, 
and in computing overhaul, the number of yards hauled will 
be determined by the measurement in excavation and the dis- 
ance hauled determined by the volume of the embankment act¬ 
ually made from it. 


MASONRY. 

General Condi Hans.—All masonry must be built in ac¬ 
cordance with the plans and dimensions furnished by the Engi¬ 
neer, and be subject also to the directions of any Superintendent 
or Inspector of Masonry appointed by him. 

All masonry will be paid for by the cubic yard, measured 
in the finished work, and the amount so paid shall be in full 
for all labor and materials used in the work, including cost of 
scaffolding and centering, and the repairing of all damages to 
the unfinished work from floods or otlier causes. 

Materials.—All stone used in masonry must be sound and 
durable stone, apju’oved by the Engineer, and be used in blocks 
as large as the quarries will furnish, or as may be necessary to 
comply with these specifications or the plans *of the particular 
structure. 

Imr brick mafonrv only tlie l)est quality of strictly hard 
dark red bricks shall be used, all to be of uniform texture 
throughout and free from lime or other impurities. No soft 
l)ricks will be allowed in any part of the work, nor shall any 
clinkers or any broken l^ricks be brought upon the ground. 
Bricks broktai aftcu'wards in liandling shall i)e tised in such 
manner only as the Engint^er or tlie Inspector may direct. If 
so rcf|uircd, the ("Vmtractor shall furnish men at his own ex¬ 
pense to cull the bricks tindtT the direction of the Inspector, 
and all rejected Indcks nmst be at once removed from the line 
of the work. 

Unless otherwise agreed, cement for tise in all m,asonry 
will be furnished by the Railway Company to the Contractor, 

and he deliven^l at.... 

pV)r eacli barrel of cement so delivered tlie Cojitractor will be 

charged...dollars to be deducted out of any 

moneys due under this contract. Cement, after it is received 
by tlie Contractor, must be ke|)t under cover and dry until 
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used. If allowed to become wet or damaged from any cause, 
it will be rejected and must not be used in the work. 

Mortar for use in the masonry, except when otherwise 
specified, shall be composed of one part cement to three parts 
clean, sharp silicious sand, from which all sticks and gravel 
have been removed by screening. The proportions of cement 
and sand shall be determined by measurement, and shall be 
thoroughly mixed dry, in a suitable box. Enough water shall 
then be added to give the mortar the proper consistency, care 
being taken to avoid an excess of water. All mortar shall be 
made fresh for the work in hand, and no mortar used which 

has begun to set. , , , 

Concrete will be made of clean, hard, angular broken 
stones, of not more than two inches in the greatest dimension, 
mixed with smaller stones not less than one-fourth of an inch 
in the greatest dimension, and with mortar in such quantUy as 
to be from five to ten per cent in excess of the volume neces¬ 
sary to fill the void spaces of the stone, the amount of mortar 
required for this purpose to be in every case determined by the 
Engineer. When mixed by hand, concrete must be mixed on 
tight-jointed plank platforms. The mortar will first be made 
as directed in the preceding paragraph, and the stone having 
been washed clean will then'be added while wet, and the whole 
mass turned over twice with shovels. Concrete may also he 
mixed by machine, provided that in the judgment of the Engi¬ 
neer the mixture is as complete and the result in all respects 
as good as if done by hand in the manner just described. 

Forms .—^The forms for .shaping concrete work shall he 
made of pine planks twelve inches wide and not less than two 
inches thick, dressed to a smooth .surface on one side and both 
edges. The dressed face shall he on the side next the concrete. 
The forms .shall be framed and braced in accordance with plan.s 
furnished, or approved, by the Engineer. 

Depositin^s; and Ramnmi!:; Concrete .—All concrete shall be 
deposited in layers not exceeding nine inches thick, and be 
rammed until the mortar flu.shes to the surface. If. when ties 
is done, the mass quakes, the amount of water shall be reduced 
until this is avoided. 

In placing concrete upon the foundation already Imilt, the 
foundation shall be swept clean and then covered with a wet 
layer of mortar not less than one inch thick to m.ake a cln.se 
joint between the wall and the foun<lntion. 

In filling a form the work shall be carried on continunn.sly 
so that it shall be a monolithic mass without horizontal joints. 
The part next the outer side or showing face of the wall shall 
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be filled with facing mortar, made of one part Portland cement 
and two parts sand. The thickness of the facing shall not ex¬ 
ceed one and one-half inches, nor be less than three-fourths of 
an inch. The facing and backing must go on simultaneously in 
the same horizontal layers. In order to guage the thickness 
of the facing accurately, a light board or diaphragm of thin 
metal and with convenient handles shall be set on edge parallel 
to, and one and one-half inches from the front wall of the form. 
Facing material shall be deposited in the space between- this 
board and the form. Concrete for the backing shall then t 
deposited and spread, against the back of the board, which sha 
then be withdrawn and the whole mass thoroughly rammed s, 
as to bond the facing and backing by destroying the surfac( 
of demarkation between them, but no stone must be forcec 
nearer to the front wall of the form than three-fourths of an 
inch. 

Concrete or mortar shall not be made when the tempera¬ 
ture is lower than 35 degrees Fahrenheit in the shade, or when 
rain is falling on it.' B'erms and molds must be left in position 
for not less than four days after the concrete is deposited. 
Freshly deposited concrete .shall be protected from the direct 
rays of the sun and from wind by boards or tarpaulins, and 
as soon as a .section of wall is completed the top must be 
covered, with a layer of damp sand not less than two inches 
thick, which .shall be kept moist until the concrete has set. 

The walls of the wooden forms shall be kept well wet dur¬ 
ing the progress of the concrete work. 

Brick Masonry .—Tn laying brick masonry every brick must 
be cleaned and thoroughly wet just before being laid. Every 
brick .shall he laid with' a ‘‘push joint,” that is, hy placing .sulTi- 
cient mortar on the wall and forcing the bricks into it in such 
a maniu'r as to onuplctely fill every joint with mortar, wlietlier 
at the hofloin, side or end of the brick. The joints .shall bc 
made as nearly as possible of uniform thickness, not exceeding 
half an inch. Pbe fact* joints shall lie lt‘ft full an<l be neatly 
struck. .‘Ml unfinished w(»rk must be racked back in courses, 
unless nth(‘rwi.se directed, and when new work is to be joined 
to it the .surfiice of tlie unfinished work must lie cleaned and 
wetted. 

For the inside of arches and for the exposed face of all 
walls only the smoothest au<l hardest bricks, carefully .seh'cted 
for that jiurjinse, shall be used, great care being taken to lay 
them to true cylintlricrd and plane surfaces. 

Tn arches the bricks shall be .stretcliers so laid as to break 
joints with those in adjoining courses. All other walls shall 
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filled, all surplus cement must be carefully removed from the 
inside of the pipe. 

After the pipes are properly laid they must be carefully 
covered with earth, well rammed, both on the sides and top of 
the pipe for at least twelve inches in depth. 

At the ends of pipes culverts,, such parapet or protection 
walls of brick, stone or concrete shall be built as the Engineer 
may direct, said walls to be laid in accordance with the fore¬ 
going specifications, and paid for by the cubic yard measured in 
the wall. 

Pipe culverts will be paid for by the linear foot measured 
from end to end of the pipes when laid, the price so paid to 
cover the whole cost of materials and labor of every kind inci¬ 
dent to the completion of the work. 

TIMBER TRESTLING. 

General Requirements .—All timber structures, including 
pile and frame trestles, wooden alnitments and pier.s, must 1)e 
built according to the plans and instructions furnished Ivy tlie 
Engineer. I’lie drawings will be to .scale, but in all cases di¬ 
mensions are to be taken from the figures and not by scale. In 
case any dimcn.sions are omitted, the matter shall l>e referred to 
the Engineer, 'riinbcr. iron and piles will be paid for in the 
finished .structure, and the prices paid are to cover the cost of 
materials, tools, .scalTolding, excavation, watching aiul all other 
items of expense necessary for the execution and niaint(*nance 
of the work until its final acceptance. No waste of any kind 
will be paid for except “piles cut off,” which will be paid for at 
the contract price. 

The Tonfractor .sbrdl render the Tn.spector or Pile Pecorder 
any assistance that may be re<iinrcd in the performance of his 
work. 

Pi/c.r.--Piles shall be sound and straight .sticks of white 
oak or red cvpress, cut from living trees, and shall liavc all the 
bark peeleil off. Eticb pile must have at least twelve inclu's of 
heart where cut oil' to receive the cap, and at the smaller end 
mu.st be not less than nine inches in diameter. 

All ]>iles mu.st be properly pointed, or if required, .shod with 
iron .shoes, and then driven until they sink not more than five 
inches under the last five blows of a 2 ,noo pound hammer, fall¬ 
ing twentv-(ive feet, but a heavier hammer with a shorter fall, 
eipiivalcnt in effect to the foregoing, will be preferred. In 
driving, the piles must be capped with wrought iron rings, or 
preferably, with a enp-.shaped iron follower, to prevent splitting. 
Where iron shoes are required, they must be of a kind diiccted 
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or approved by the Engineer, and they will be paid for at actual 
cost to the .contractor. All piles injured in driving or driven 
out of place shall be either cut off or withdrawn, as the En¬ 
gineer will direct, and another one driven in its stead. The 
pile thus replaced will not be paid for. 

Such grubbing as may be necessary to insure the correct 
driving of the piles shall be done by the Contractor for the 
trestling, and will be paid for at a price to be fixed by the 
Engineer in each case. 

The piles under the track stringers must be accurately 
spaced and driven vertically. The outer piles shall be driven 
vertically or with a batter, as may be shown by the drawings or 
directed in each case. 

Piles remaining in the structure will be measured and paid 
for by the linear foot after they are driven and cut off as ‘Tiles 
Driven,” the parts cut off will be measured and paid for by ttie 
linear foot as “Piles Cut Off,” and the amounts paid for these 
two items are to cover every expense for labor and materials 
required in the performance of the work. The pile ends, after 
they are cut off, are to be the property of the Railway Company, 
and shall not be removed or used without consent of the En-. 
gineer, and then only upon repayment of the contract price. 

Parts of the pile heads projecting beyond the caps must be 
adzed off to a slope of forty-five degrees. 

Iron ,—^The iron bolts used in trestling shall be of the best 
refined wrought iron, with an ultimate strength of not less than 
45,000 pounds per square inch, and an elastic limit of not less 
than 26,000 pounds. 

All bolts shall be perfect in every respect with nuts, heads 
and screws of the full standard sizes due to their diameters. 
The thickness of the nut shall not be less than the diameter of 
the bolt, and the size of its square not less than twice the diam¬ 
eter of the bolt. 

Washers and separators shall be of cast iron. They must 
be smooth, well shaped, free from air holes, cracks, cinders or 
other imperfections. 

Timber and Framing .—^All framing timber shall be of 
white or burr oak, or of white Arkansas or long leaf yellow pine, 
as shown by the plans and bills of materials. All the timber 
must be cut from living trees and be free from wanes, black, 
loose or unsound knots, worm holes, or any kind of decay, as 
well as from large knots or wind shakes, which impair the 
strength of the timber, and must be sawed true and. of full size. 
When so indicated on the plans, the timber shall be surfaced. 

Sap will be allowed in pine timber as follows: All 
stringers must show not more than one and one-half inches of 







SI’EOmCATIONS FOE BUILDING LEVEES. 


357 



sap on two comers of one of the eight-inch faces. Posts, caps, 
sills and otlier large timbers must show not more than one and 
one-half inches of sap on any one of the four corners. Guardi 
rails must not show more than one inch of sap on one corner 
only. Sway braces and floor plank must sliow heart on both 
faces, and in any cross section be not less than three-fourths 
heart. 

All framing must 1)C done to a close fit and in a tliorough 
and workmanlike manner. No .shins or blocking of any kind 
will be allowed in making joints. Ties and guard rails must be 
scribed and dapped in place. 

'roi)s and ends of stringers and the bearing surfaces of ties 
shall be thoroughly painted with a thick coat of pure white'lead 
ground in and mixed with pure linseed oil. This paint .shall 
also be use<l on both .surfaces of the hearing between .stringers 
and caps, caps and posts, posts and sills, sills and piles, or any 
other joints which may be indicated on the drawings. 

Cleaning Up .—After the work is completed the Contractor 
must remove all staging used in erection, and clean up and burn 
all shavings, chips and rulibish, and remove all pieces of timber 
to a sufficient distance from tlic structure to insure its safety 
from fire. 
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Word Engineer Deiined—The word ''Engineer,” where- 
ever used in this instrument, means the Chief Engineer of the 
Southern Missouri Railway Company for the time being, or his 
duly authorized Assistants, or Inspectors, limited by the par¬ 
ticular duties entrusted to them, R. M. 

172a. Specifications for Building Levees to Con¬ 
fine Flood Waters. The following specification is used 
(1902) by the State of Louisiana for the building of levees on 
the banks of the Mississippi river. 

The levee shall be built of such material, and disposed and 
distributed in such manner as the Engineer in charge may 
direct, under the requirements of the Board of State Engineers. 
The required allowance for settling shall be added to the height 
of the levee; this allowance to be at the discretion of the En¬ 
gineer in charge, up to one-fifth in excess of the net height of 
the levee; it being understood that a cubic yard of embankment 
under this agreement is a net cubic yard of settled earth, and 
equal to five-sixths of a gross cubic yard of loose earth. 

The Contractor shall remove all trees, stumps, logs, roots, 
stalks, weeds, grass, trash and perishable matter of every kind 
not specially exempted from this requirement by instructions 
from the Engineer in charge, and plow or spade up the ground 
over the entire surface to be covered by the embankment. He 
shall cut muck ditches of such depth and size and in such places 
as may be prescribed by the Engineer in charge. He shall grub 
up by the roots all trees and stumps coming within the base of 
the levee, and three feet on either side of the base. He shall 
remove all buried logs, brick or walls and other material con¬ 
sidered unsuitable by the Engineer in charge. He shall refill 
all holes made by grubbing or by the removal of unsuitable ma¬ 
terials, as aforesaid,, with solid earth up to the level of the 
natural surface; and the filling of such holes shall not be paid 
for by the cubic yard (except in special cases, when so directed 
by the Engineer in charge), but shall be a part of the clearing 
and grubbing to be done as incidental. or auxiliary work, the 
price of which is included in the price per cubic yard hereinafter 
stipulated. He shall carefully clean all ditches crossing the line 
of levees, and fill them with solid earth up to the levd of the 
natural surface to a distance of twenty feet from the base of tUe 
levee on the land side, where there are no "banquettes,” and to 
the width of the berme on the river side. If required by the 
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Engineer in cliarge, the clearing, grubbing, prciiaration of base 
and cutting of muck ditch, as above, shall be completed, and the 
muck ditch refilled throughout the whole length of levee, or any 
part thereof, before the embankment is begun. He shall cut all 
trees and stumps within twenty-five feet of the base of the levee 
on the land side, down to the level of the ground, unless other¬ 
wise directed by the Engineer in cliarge (but shall not disturb 
or destroy the Engineer’s bench marks or other reference 
points), and shall leave the ground clear of all fallen timber, 
brush and other debris or material obstructing free passage 
along the base of the levee on the land side For a width of 
twenty-five feet. He shall cut down all trees, bushes and sap¬ 
lings for a width of one hundred feet on each side of the levee 
where it runs through woods, and in open land, shall cut down 
such trees within one hundred feet of the levee as the Engineer 
in charge may direct. In the construction of the levee he shall 
use earth only, except where other material may be ordered by 
the Engineer in charge, and shall place it in layers of such thick¬ 
ness as may be directed by the Engineer in charge, and extend¬ 
ing tlie full width of the embankment. He shall obtain all 
earth from the river side of tlie embankment, e.xcept by written 
permission of the Engineer in charge, leaving a berme of the 

natural surface - — .feet wide between the barrow pits and 

the ba.se of the levee. Unless otherwise directed by the En¬ 
gineer in charge, all harrow jjits shall be sloped on the side 
neare.st the embanknumt, not .stce[)er than three horizontal to one 
vertical, and on that side .shall not he deeper than tliree feet; and 
their bottoms .shall slope thence uniformly to the side furthest 
from the embankment, where the depth'of the pits shall not 
exceed six fe(‘t. At intervals not greater th:in tliree hundred 
feet “travcr.ses” of the natural surface, not less tlian twenty feet 
wide, .sh:dl he left undisturhed, extending entirely acro.ss the 
pits, except that a ditch of .such width as may he directed by the 
iuigineer in charge .shiill lie cut through tlie traverses to allow 
drainage from one jiart of the jiit to another. All cxi.sting 
levc'es, or parts ot old levee, innst he left tindi.stnrhed cxccfit by 
.special permission of the Engineer in charge. He .shall cut 
snclMipenings Ihrongb the old levee as may he required by the 
iMigineer in charge, lie .shall dig a drainage ditch on the land 
.side of the levee, if required liv tin* I'ingineer in charge, of such 
dimensions and at such distance from the base as may he i>rc- 
scribed, but may not otherwise hrerdc up the surface of the 
ground on the land side of tlie levee, except by written permis¬ 
sion of tlie h.ngineer in charge. 'I'he earth taken from such 
openings through the old levee and from drainage ditches .shall, 
when required Ijy the linginesT in charge, be deposited in the 
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embankment, in which case- it shall be paid for as embankment 
only, but othen\nse it shall be measured and paid for in excava¬ 
tion.’ He shall plant the entire surface of the completed levee 
with living roots or sods of Bermuda grass not more than one 
foot apart, and to the satisfaction of the Engineer in charge. 
He ghall take care to preserve the Engineer’s stakes and bench 
marks, and shall at all times keep the station stakes at or oppo¬ 
site their proper stations. 
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173. Complete Speciflcations and Contract for 
Dam No. 5, Southborough, of the Boston Water¬ 
works, July, 1893. 

ADVERTISEMENT. 


TO CONTnACTOIlS. 


Sealed proposals addressed to the Boston Water Board, 
and endorsed “Proposals for huikling Dam No. 5 in the Town 
of Southhorough,” will be received by the Boston Water Board, 
at their office, City Hall, Boston, Mass., until tz o’clock M., 
of Monday the seventeenth day of July, 1893, and at that time 
will be publicly opened and read. 

Each bidder must make a personal examination of the loca¬ 
tion of the dam. 

All bids must be made upon lilank forms, to be obtained 
of the City Engineer, Boston, must give the prices proposed, 
both irj writing and in figures, and be signed by the bidder, 
with his address. 

Each bid is to be accompanied by a certified check for two 
thousand dollars ($3,000), payable to the City of Boston, said 
check to be retnrnet! to the bidder unle.s8 he fail to execute the 
contract, should it he awarded to him. 

A bond for one hundred thousnnil dollars ($ tOD,ooo)will he 
required for the faithtul [jerformatice of the contract, the sure¬ 
ties to be residents of Massachusutts, and satislairtory to said 
Boston Water Boarrl. 

^'he person or persons to whom the contract rnay be award¬ 
ed will he rerjuired to appear nt this office wilh I'he siiielie.s 
offered by Inrn or them, and execute tire coir'.ract within six 
days (not including .Sunday) from the date of notilication of 
such award, and the prc])ar.itioi: and readiness for sigiiaturc of 
the contract; anil in case of failure <>r neglect so to tlr>, he or 
they will be considered as having abaniloiietl it, and tire check 
accompanying the irropo.sal shall l>e forfciUuI to the City of 
Boston. 

All bids will lie compared on the basis of the Engineer’s 
estimate of (piantities of work to be done, which is as follows 
(a) 14,000 cubic yards soil cxcavaterl and placed in spoil- 

hanks. 

(aa) 13,900 cubic yards soil excavated from spoil-banks and 
placed on <iain. 

(A) 1,610 .sqiiiire yanls sodding. 

5 seeding. 

(c) 330,000 culiic yards earth excavation (trenches, ernhank- 

ments, and backfilling). 

(cc) 10,000 cubic yards rehandling of excavated materials. 
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[d) 13,400 cubic yards rock excavation. 

[ey 2,000 feet board measure timber work. 

[ee) 2,000 feet board measure timber work (tongued and 

grooved). 

800 barrels Portland cement. 

(^) 14,000 cubic yards concrete masonry. 

(^) cubic yards concrete masonry. 

(/i) 91270. square yards plastering. 

(f) 256 cubic yards brick masonry. 

(<J) 75^® cubic yards paving. * 

(^) 10,100 cubic yards riprap. 

(/) 5,400 cubic yards broken stone.t 

(/w) 22,200 cubic yards rubble-stone masonry. 

(«) 13,300 square feet facing stone masonry (broken ashlar 

work), 

(^) cubic yards facing stone masonry (range work), 

(f) 320 linear feet coping. 

(y) 290 cubic yards dimension stone masonry. 

(r) 4,110 square feet hammered wwk. 

(5) 1,000 cubic yards masonry laid in American cement . 

mortar i to i, an additionak price per cubic 
yard. 

(/) 1,000 cubic yards masonry laid in Portland cement 

mortar i to i, an additional price per cubic 
yard. 

(«) 1,000 cubic yards masonry laid in Portland cement 

mortar i to 2, an additional price per cubic 
yard. 

(z;) 1,000 cubic yards masonry laid in Portland cement 

mortar i to 3, an additional price per cubic 
yard. 

(w) 1,575 linear feet of walk. 

These quantities are approximate only, and the Boston 
Water Board expressly reserves the right of increasing or dimin¬ 
ishing the same, as may be deemed necessary by its Engineer. 

Plans can be seen, and specifications and forms of proposal 
and contract obtained, at the office of the City Engineer, City 
Hall, Boston. 

The Boston Water Board reserves the right to reject any 
or all bids, should it deem it to be for the interest of the City 
of Boston so to do. ROBERT GRANT, 

JOHN W. LEIGHTON, 
THOMAS F. DOHERTY, 

Boston Water Boards 

Office op Boston Water Board, 

City Hall, Boston, July i, 1893. 

* 3,acx) cubic yards if riprap is used. t 2»Soo cubic yards it riprap is used. 
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PROPOSAL 

TO THE BOSTON WATER BOARD FOR BUILDING DAM NO. 5 IN THE 
TOWN OF SOUTHBOROUGH. 

The undersigned hereby declares that he has carefully ex¬ 
amined the annexed form ot contract and specifications and the 
drawings therein referred to, and made an inspection of the 
site of the proposed dam> and will provide all necessary ma¬ 
chinery, tools, apparatus, and other means of construction, and 
do all the work and furnish all the materials called for by said 
contract and specifications and the requirements under them of 
the Engineer, for the following sums, to wit: 

(а) For the removal of soil excavated and placed in 
spoil banks, including all incidental work, the sum of 

($-) per cubic yard. 

(aa) For the removal of soil taken from spoil banks or 
from other places and placing on the slopes of the embank¬ 
ment, including all incidental work, the sum of-- ($_ 

per cubic yard. 

( б ) For sodding, including all incidental work, the sum 

of .. ($-)per superficial square yard. 

(W) For seeding, including all incidental work, the sum 
of-($-) per acre, 

(c) For earth excavation, including its disposal in em¬ 
bankments and refilling, or as otherwise ordered by the engi¬ 
neer, and all incidental work, the sum of—— ($ ) per 

cubic yard. 

(cc) For rehandling of excavated materials from spoil 
banks and placing, including all incidental work, the sum of 

-^ per cubic yard. 

^ (d) For rock excavation, including its disposal and all 
incidental work, the sum of--- ($- ) per cubic yard. 

(e) For permanent tini!>er work, except tongued and 

grooved timber, placed, including all incidental work, the sum 
of--.-——) per thousand feet B. M. 

(ee) For permanent timl^er work, tongued and grooved, 

placed, including all incidental work, the sum of-—($-) 

per thousand feet B. M, 

(/) Portland cement ordered by the engineer, 

delivered where ordered on the work, in barrels containing 400 

pounds, including all incidental work, the sum of--— 

($-) per barrel. 

(f) For concrete masonry, in place, formed of five parts 

of broken stone or screened gravel, to one part of cement, and 
made with American cement mortar mixed in the proportion of 
one part of cement to two parts of sand, including all incidental 
work, the sum of—- ($--) per cubic yard. 


364 COMPLETE SPECIFICATIONS, 

concrete masonry, in place, iormed of three 
parts of broken stone or screened gravel to one part of cement, 
and made W'ith American cement mortar mixed in the propor¬ 
tion of one part of cement to two parts of sand, including all 
incidental work, the sum of-($-) per cubic yard. 

For plastering all concrete walls with Portland 

cement, including all incidental work, the sum of- ($-) 

per superficial square yard. 

(z) For brick masonry, laid in Portland cement mortar 
mixed in the proportion of one part of cement to two parts of 
sand, and including all pointing, centering, etc., and removing 

the same, and all incidental work, the sum of-($——) 

per cubic yard. 

(y) For paving in place, including all incidental work, 
the sum of-($-) per cubic yard. 

(^k) For riprap in place, including all incidental work, 

the sum of-($-) per cubic yard. 

(/) For broken stone in place (other than that used in 
making concrete and the walk), including all incidental work, 
the sum of-($-) per cubic yard. 

{m') For rubble-stone masonry, laid in American cement 
mortar, mixed in the proportion of one part of cement to two 

parts of sand, including all incidental work, the sum of-- 

($-) per cubic yard. 

(/z) For face work of broken ashlar, in addition to the 
price paid per cubic yard as rubble, including pointing in neat 

Portland cement, and all incidental work, the sum of- 

-) per superficial square foot. 

(o) For facing stone masonry of range stones laid in 
American cement mortar mixed in the proportion of one 
part of cement to two parts of sand and pointing in neat 

Portland cement, including all incidental work, the sum of- 

-) per cubic yard. 

For coping laid in place, and pointed in neat 
Portland cement, including all incidental work, the sum of 
---) per linear or running foot. 

(^) For dimension stone masonry laid in American 
cement mortar mixed in the proportion of one part of cement to 
two parts of sand, including pointing in neat Portland cement, 

centering, etc., and all incidental work, the sum of- 

-) per cubic yard. 

(r) For fine hammer dressing (six cut work) the sum of 

--) per superficial square foot. 

(s) For all kinds of masonry laid in American cement 
mortar mixed in the proportion of one part of cement to one 
part of sand, in addition to the prices per cubic yard herein¬ 
before stipulated to be paid for the same class of masonry laid 
in American cement mortar mixed in the proportion of one part 
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of cement to two parts of sand, the sum of-($-) per 

cubic yard. 

(/) For all kinds of masonry laid in Portland cement 
mortar mixed in the proportion of one part of cement to one 
part of sand, in addition to the prices per cubic yard hereinbefore 
stipulated to be paid for the same class of masonry laid in 
American cement mortar mixed in the proportion of one part of 

cement to two parts of sand, the sum of -($-) per 

cubic yard. 

(u) For all kinds of masonry laid in Portland cement 
mortar mixed in the proportion of one part of cement to two 
parts of sand, in addition to the prices per cubic yard herein¬ 
before stipulated to be paid for the same class of masonry laid 
in American cement mortar mixed in the proportion of one part 

of cement to two parts of sand, the sum of-($-) per 

cubic yard. 

(v) For all kinds of masonry laid in Portland cement 
mortar mixed in the proportion of one part of cement to three 
parts of sand, in addition to the price per cubic yard herein¬ 
before stipulated to be paid for the same class of masonry laid 
in American cement mortar mixed in the proportion of one part 

of cement to two parts of sand, the sum of-($-) per 

cubic yard. 

(w) For building walk, including all incidental work, the 

sum of-($-) per linear or running foot 

(;f) For all extra work done by written order of the Boston 
Water Board, its actual reaBonal)le cost to the Contractor, as 
determined by the City Engineer, plus fifteen per cent, of said 
cost. 

Accompanying this proposal is a certified check for two 
thousand dollars ($2,000), which it is agreed shall become the 
property of the city of Boston, if, in case this proposal shall be 
accepted by the I^oston Water Board, the undersigned shall fail 
to execute a contract with said city under the conditions of this 
proj>osal within the time provided for by the advertisement for 
proposals; otherwise said check shall be returned to the under¬ 
signed. 

No member of the city council, and no person in any office 
or employment of the city of Boston is directly or indirectly 
interested in this proposal or in any contract which maybe made 
under it, or in expected profits to arise therefrom ; and this pro¬ 
posal is made in good faith without collusion or connection with 
any other person bidding for the same work. 

jsjame-— 


Address- 

1893. 


Date 
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CITY OF BOSTON. 

BOSTON WATER WORKS. 

CONTRACT AND SPECIFICATIONS FOR BUILDING DAM 
NO. 5, IN THE TOWN OP SOUTHBOROUGH. 

This Agreement^ made and concluded this 

■ -- day of-in the year one thousand eight 

hundred and ninety-three, between the City of Bos¬ 
ton, by its Boston Water Board, of the first part, 

and-^—-in the State of—-- 

of the second part: 

Commence- Witnesseth^ That for and in consideration of 

Work. the payments and agreements hereinafter mentioned, 
to be made and performed by the said party of the 
first part, and under the penalty expressed in a bond 
bearing even date with these presents and hereunto 
annexed, the said party of the second part agrees 
wijth the said party of the first part to commence the 
work herein required to be done, within fourteen 
days after the signing of this contract and to proceed 
with the work in such order and at such times, 
points, and seasons, and with such force as may, 
from time to time, be directed by the engineer, and 
at his own proper cost and expense, to do all the 
work and furnish all the materials called for by this 
agreement, in the manner and under the conditions 
hereinafter specified. 

Completion of And the said party of the second part hereby 
Work. agrees to complete all the work called for under this 
agreement, in all parts and requirements and in full 
conformity with the plans and specifications on or 
before November I, 1896; provided, however, that 
the water board shall have the right at their discre¬ 
tion to extend the time for said completion of the 
work. It is further agreed that the permitting of 
said party of the second part to go on and finish 
said work after the time specified for its completion 
shall not operate as a waiver of any of the rights of 
said city under this contract. 

Referee. B. To prevent all disputes and litigation it is fur¬ 
ther agreed, by and between the parties to this con¬ 
tract, that the city engineer of Boston (meaning 
thereby the individual at any time holding the posi¬ 
tion or acting in the capacity of the engineer of the 
Boston Water Board) shall be referee in all cases to 
determine the amount or the quantity of the work 
which is to be paid for under this contract, and to 
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decide all questions*w’hich may arise relative to the 
fulfillment of this contract on the part of the con¬ 
tractor, and his estimates and decisions shall he final 
and conclusive; also that said engineer, by himself, 
or by assistants and inspectors, acting for him, shall 
inspect the work to be done under this agreement to 
see that the same is done strictly in accordance with 
the requirements of the specifications hereinafter set 
forth. 

O. The parties further agree that wherever in this 
contract the words defined below are used, they shall 
be understood to have the meanings herein given: 

The term “water board” shall mean the Bos¬ 
ton Water Board, or any board or committee duly 
authorized to represent the city of Boston in the 
execution of the work covered liy this contract. 

The word “engineer” when not further quali¬ 
fied, shall mean the said city engineer or his prop¬ 
erly authorized agents, limited by the particular 
duties entrusted to them. 

The word “contractor” shall mean the person 
or persons, co-partnership or corporation, who have 
entered into this contract as party of the second part, 
or his or their legal representatives. 

D. It is further agreed that the quantities of work 
■to be done and materials to be furnished, as given 
in the accompanying notice to contractors are only 
for the purpose of comparing the bids offered for the 
work under the contract on a uniform basis; and it 
is hereby agreed that the Boston Water Board 
expressly re.serves the right to increase or diminish 
the above mentioned quantities, or any of them, as 
may be deemed necessary by the engineer. 

E. I'he plans and specifications arc intended to be 
explanatory of each other; but should any discrep¬ 
ancy appear, or any misunderstanding ari.se as to the 
import of anything contained in either, the parties 
hereto further agree that the explanation an<l <Ieci- 
sion of the city engineer shall he final and binding on 
the contractor; and all directions and explanations 
required, alluded to, or necessary to complete any 
of the provisions of this contract and specifications 
and give them due effect, shall lie given by the said 
engineer. Corrections of errors or omissions in 
drawings or specifications may lie made by the said 
engineer, when such corrections are necessary for 
the proper fulfillment of the intention of such draw¬ 
ings or specifications, the effect of such correctiotu 




Engineer. 


Contractor. 


I'tans. 


• This is not binding. Sec Art. IS, p. 1 % 
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to date from the time that the said engineer gives 
due notice thereof to said contractor. 

Alterations. P. It is further agreed that the city engineer may 
make alterations in the line, grade, plan, form, posi¬ 
tion, dimensions, or material of the work herein 
contemplated, or of any part thereof, either before 
or after the commencement of construction. If such 
alterations diminish the quantity of work to be done, 
they shall not constitute a claim for damages, or for 
anticipated profits on the work that may be dis¬ 
pensed with; if they increase the amount of work, 
such increase shall be paid for according to the 
quantity actually done, and at the price established 
for such work under this contract; or in case there 
is no price established, it shall be paid for at its 
actual reasonable cost as determined by the city 
engineer, plus fifteen per cent, of said cost. 

J SPECIFICATIONS FOR BUILDING DAM NO. 5 THE 

- . SUDBURY RIVER WORKS. 

Q. I. The contractor is to furnish all the material 
and do all the work necessary to build a dam on the 
Stony Brook branch of the Sudbury river near the site 
of Nichoi’s Mill, so called, in the town of South- 
borough, Mass. The dam to be in accordance with 
plans marked Dam No. 5, dated June 16, 1893, 
signed by William Jackson, city engineer, and filed 
in the office of the city engineer. City Hall, Boston. 
The work will also be built in conformity with these 
specifications. 

These plans show only the general character of 
the work, and during its progress such working plans 
will be furnished from time to time by the engineer 
as he may deem necessary. 

Borings. The character of the materials to be met with, 

as shown on said plana, is the result of such exami¬ 
nations as the city of Boston has been able to make; 
but no guarantee is made as to the accuracy of the 
borings or test pits or the representations on the 
plans. 

GcneraiDe- 2. The dam is to be built partly of masonry 

scriptioB. partly of earth, approximately on the lines shown ; 

but if the character of the materials or circumstances 
arise which render it advisable to change the location 
of the dam or to change the plans of the dam the 
city of Boston expressly reserves the right so to do 
without payment of damages to the contractor, but 
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all work actually completed will be paid for as per 
prices bid for the whole work. 

The earth embankments will contain plastered 
concrete core walls. Water-tight material will be 
plated next these walls on the water side. The 
embankments will be protected from wash by linings 
of I'iprap or paving. Aw’alk will be built on the top 
of the dam, and other slopes and surfaces covered 
with soil as directed. The embankments wdll be 
separated from the masonry overfall by heavy wing 
walls. A gate-house with wells and appurtenances 
as shown will be built next to the »north wing u all. 

The “masonry portion” of the dam will be about 
300 feet in length and will be a solid mass of rubble 
masonry faced with range stones laid in courses. 

Where the rock is of poor quality or for other 
reasons, it may seem to the engineer to be desirable, 
the core walls both in the center of the embankments 
and under the masonry section may be carried down 
deep into the rock. 

3. The work to be done in a general w^ay con- 
sists in stripping the site of the dam; building up 
the embankments in layers, and in paving or other¬ 
wise protecting their surfaces; doing all blasting, 
rock and timber work; constructing all masonry; 
building in all iron work in connection with brick or 
other masonry; laying pipes through the dam; doing 
all pumping or other temporary work in connection 
with the permanent work, and delivering over to said 
city of Boston the whole structure in a complete con¬ 
dition with the masonry all pointed and with the 
dam ready to be put into service in accordance with 
the plans and these specifications. 

All work during its progress and on its comple- 
tion must conform truly to the lines, grades, and 
levels to be determined and given hereafter by the 
engineer, and due facilities and such assistance and 
materials as he may require must be furnished by the 
contractor without extra charge, and the engineer's 
marks must be carefully preserved. The work must 
also be built in accordance with the plans and direc¬ 
tions which shall be given by him from time to time, 
subject to such modifications and additions as said 
engineer shall deem necessary during the prosecution 
of the work, and in no case will any work which may 
be performed, or any materials furnished in excess 
of the requirements of this contract or of the plans or 
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of the specifications, be estimated and paid for, 
unless such excess shall have been ordered by the 
water board as hereinafter set forth. 

'looiajmdjm- 'j'hg contractor is to furnish all temporary 
peiccns. materials and all tools, implements, 

machinery, and labor necessary or convenient for 
doing all the work herein contracted for, with safety 
to life and property in accordance with this contract, 
and within the time specified herein; he will be 
required to construct and put in complete working 
order the work herein specified, and is to perform 
and construct all the work covered by this agree¬ 
ment; the whole to be done in conformity with the 
plans and these specifications; ancj all parts to be 
done to the satisfaction of the city engineer. 

SoO. 4, Xhe soil is to be removed from the grounds 

where the dam, embankments, and other works are 
to stand. Wherever directed by the engineer said soil 
to be hauled and put in spoil banks, to remain until 
required to be placed over the finished surfaces of 
slopes or embankments. The quantities of soil 
removed will be measured in the spoil banks and 
paid for as stipulated in article Q. item (<2). 

The slopes of the embankment are to be covered 
with soil taken from the spoil banks; if any addi¬ 
tional soil is needed for the work, it shall be 
obtained and taken from such grounds as may be 
designated by the engineer, and deposited wherever 
ordered by him j all soil removed from the spoil 
banks, or from such grounds as the engineer may 
designate, shall be measured in excavation. It will 
be rolled or otherwise compacted, and paid for as 
stipulated in article Q, item (««). 

All surfaces which are required to be afterwards 
sodded or seeded are to be covered with soil at least 
twenty-four inches in thickness. 

The embankments of the dam, and such 
other surfaces as may be designated by the engineer, 
are to be sodded or seeded with grass seed. 

All the surfaces to be sodded or seeded are to 
be carefully graded and particular care taken to 
make a true and even bearing for the sods to rest on. 

The sods to be of good quality of earth covered 
with heavy grass, sound and healthy, and not less 
than one foot square, and generally of a uniform 
thickness of three inches. These sizes may be 
altered by the engineer during the progress of the 
work. The sods will be cut with a bevel on all 
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sides, so that when laid they will lap at the edges; 
to be properly set so as to hav^e a full bearing on 
their whole lower surface; to be padded down firm with 
a spade or wooden bat made suitable for the purpose; 
each sod is to be pinned with one wooden pin, not 
less than fifteen inches long, so as to be secured to 
the ground beneath it, and to be so laid that the 
upper surface shall conform to the true slope of the 
bank or ground and to the lines given by the 
engineer. No lean, poor, or broken sods will be 
allowed in the work, but on the outside edges of the 
bank sods may be cut to such size and shape as will 
make a proper finish to the same. The engineer 
may alter all the above sizes during the progress of 
the work. 

The sodding that shall have been laid shall be 
well and carefully sprinkled with water as often as 
the engineer shall deem necessary. 

' 6. The engineer may specify the kind, quality, Seeding, 

and amount of seed to be used on all surfaces 
ordered to be seeded, and he may also direct the 
manner of seeding, including rolling and watering. 

EARTH EXCAVATION AND EMBANKMENT. 

7. Earth excavation is to be made for the 
foundations, center walls, etc., and for any grading 
that may be required either above or below the dam, 
or for any other work in connection with the dam, 
structures, or appurtenances which the engineer may 
order, but no payment will be made for earth or 
other excavation unless specifically staked out and 
ordered by the engineer. The price bid for excava¬ 
tion will cover all excavations by the contractor for 
his own convenience or for temporary or protecting 
work, none of which will be measured or estimated 
by the engineer. 

8 . Earth excavation is to be made in accord- Exc»ir»ticm. 
ance with the lines established by the engineer, and 

the price herein stipulated for earth excavation— 
article Q, item (c)—is to include the work of clear¬ 
ing and grubbing the ground of all trees, stumps, 
bushes, and roots, and burning or otherwise dispos¬ 
ing of the same; of sheeting and bracing and sup¬ 
porting and maintaining all trenches and pits during 
and after excavation; of all pumping, ditching and 
draining; of clearing the excavation of all wood or 
other objectionable materials, of selecting the mate¬ 
rials, and of hauling and of disposing of the exca- 
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vated materials in making embankments, in filling, 
refilling, and wasting; of rolling and watering, and 
all other labor and expenses incidental to the hand¬ 
ling of the excavated materials. 

Spoil Whenever, in the opinion of the engineer, 

the material excavated from the pits and trenches 
can not properly be disposed of in embankment or 
for other work at one hauling, it shall be deposited 
in spoil banks, and paid for under article Q, item 
(c), and if subsequently ordered to be used in the 
work, it shall be paid for a second time under article 
Q, item (cc). 

Measure- lo. All earth work paid for under article^ Q, 

items (c) and (<:c), shall be measured in excavation. 

Embank- ^ ^ ‘ embankments for the dam shall start 

meat. from a well prepared base, stepped on sloping 
ground, and shall be carried up in horizontal layers 
not exceeding four inches in thickness; every layer 
to be carefully rolled, either with heavy grooved 
rollers, or steam rollers, and to be well watered. 
The earth to be well rammed with heavy rammers 
at such points as can not be reached by the rollers. 
Special care shall be required in ramming the earth 
close to the center wall, which shall always be kept 
at least two feet higher than the adjoining embank¬ 
ment, unless otherwise permitted. The embank¬ 
ments of the dam shall be kept at an uniform height 
on both sides of the masonry during construction, 
and at no time will the down-stream half of the dam 
be allowed to be higher than the up-stream portion. 

At all times the earth embankment must be 
kept three feet above the “masonry portion” of the 
dam. 

Watering 12. Ample means shall be provided for water¬ 

ing the banks, and any portion of the embankment 
to which a layer is being applied shall be so wet, 
when required, that water will stand on the surface. 

The contractor shall furnish at his own cost the 
necessary steam pumping plant and force-main for 
forcing water into a tank situated on the side hill, at 
least fifty feet above the top of the dam. when com¬ 
pleted. From this tank a three-inch distribution 
pipe, fitted with gates and hose connections, will 
lead lengthwise over the dam to supply water wher¬ 
ever it may be needed. If the engineer approves, 
some other method of equal efficiency for the fur¬ 
nishing of water may be substituted for the above 


SPEOmOATIONB AND OONTBAOT FOE DAM- 373 


plant- This work is included in the price to Ijc 
paid for earth excavation. 

13. All the grounds covered by the dam and 
by the borrow pits shall be cleared of all soil, stones, 
trees, stumps, or other organic or perishable matter, 
which*shall be deposited at such points as shall he 
designated. If the borrow pits are, in the opinion 
of the engineer, sufficiently near the dam, the soil 
or other useful materials may be removed to the 
spoil banks and measured, otherwise they will not 
be measured. Stumps and other vegetable substances 
shall be burned. 

14. The surfaces of embankments shall be , 
dressed smoothly to line and grade to receive the 
soil or broken stones supporting the paving or riprap. 

15. The earth used for the embankments shall aanutyoi 
be free from perishalde material of all kinds, .and 

from stones larger than three inches in diameter, und 
it shall be of a quality approved by the engiru 
The portion of the embankment next to the coi c- 
wall on the up-stream side of the dam and tlu! refill¬ 
ing of all trenches will be composed of hard-|>an or 
other fine, compact, or selected material ajiproved 
by the engineer, who shall decide upon tlie i|iiality 
and character of tlie earth to he used at various 
places, and it must be selected and placed in accord¬ 
ance with his orders. 

16. All excavation and disposal in emliaut-* 
ments and refilling of earth, hard-pan, and otlii*} 
materials, shall be classified and estimateii as ea th 
excavation, and jiaid for at the price hereinalier 
stipulated, article Q, item (c). 

ROCK EXCAVATION. 

17. Rock excavation is to inchule the excava¬ 
tion of all s<did rock which cun not, in tlie opinion 
of the engineer, he removed hy picking, and of 
bowlders of one cubic yard or more in si/e ; tile |irice 
hereinafter specitled—article Q, item (r/)—to he 
paid for rot'k excavation sluill iiudude the work of 
hauling and disposing of tiie same in spoil hanks or 
other places. 

18. Rock excavation shall he measurer! in 
excavation, atal estimated for payment in accordaiU’(» 

with the lines given by the engineer. Noexcavatmn * 
outside of these lines will he estimated. 

19. Rock is to be excavated for the fouruiaiions 
of the (lam, core-walls, and gate-house, and wherever 
the engineer may order* 
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20. In the wall and pipe trenches and in the 
foundation for the gate-house or other structures, 
the rock is to be shaped roughly in steps or other 
form that may be ordered by the engineer. 

The price bid for rock excavation is to include 
the cost of supporting and maintaining the excava¬ 
tions, of pumping and draining, of disposing of the 
excavated materials as ordered by the engineer, and 
all other incidental expenses. 

ExpioaiTcs 21. All rock cxcavation in the wall trenches 

and at any other place designated by the engineer is 
to be made with explosives of a moderate power, 

• under his directions, and not with high explosives. 
Black powder may be ordered by him to be used in 
special cases. 

22. All rock surface intended for masonry 
foundation must be freed from all loose pieces, and 
be firm and solid, and prepared as directed by the 
engineer. 

, FOUNDATION WORK. 

23. The foundation work for the centre walls 
of the dam and for other structures is to be extended 
to such depth and in such a manner as shall be 
ordered by the engineer. In bad bottom, sheet 
piling, tonged and grooved, may be ordered to be 
driven or placed on one or more sides of the work. 
If the material of excavation is such, in the opinion 
of the engineer, as to require especial precaution, 
the trenches for the centre wall and for other struc¬ 
tures may be ordered extended to a great depth, 
beyond the indications of the plans. The position 
of the bed rock being uncertain, it is impossible to 
indicate the bottom of the core-wall with accuracy, 
and it is distinctly understood that the lines for the 
foundation shown on the plans are not guaranteed 
by the city to be correct. 

PROTECTIVE WORK. 

24. The contractor will be required at his own 
expense to take care of all water which may come 
down the stream during the progress of the work, 
and to make good any damage done to the dam 
from freshets or other action of the water or the 
elements. 

TIMBER. 

25. Timber may be ordered used for platforms, 
for permanent sheet-piling, and for other permanent 
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uses. It shall be of the sizes and placed in the 
manner ordered by the engineer. 

26. All timber and lumber so used shall be 
spruce, sound, straight grained, and free from all 
shakes, loose knots, and other defects that may 
impair its strength and durability. The price bid 
for timber shall cover all incidental expenses incurred 
for labor, or for tools or materials used in placing, 
securing, and fastening it. 

27. No payment shall be made to the con¬ 
tractor for lumber used for bracing, sheeting, scaf¬ 
folding, and other temporary purposes. 

2S. All sheeting and other timber work in the 
trenches and pits shall be removed unless it is 
ordered left in, in which case such timber shall be 
paid for as herein stipulated—article Q, item (tf)— 
for permanent timber work. 

29. The timber to be used for sheet-piling in 
the foundations and other places may be ordered 
tongued and grooved. Such timber shall be fur¬ 
nished and placed as ordered, and the price herein¬ 
after stipulated—article Q, item (^ee )—for tongued 
and grooved timber is to cover the cost of placing, 
driving, securing, and fastening the same. 

MASONRY. 

30. All masonry, except where otherwise spec¬ 
ified, shall be laid in hydraulic cement mortar, and 
shall be built of the forms and dimensions shown on 
the plans, as directed by the engineer from time to 
time, and the system of bonding ordered by the engi¬ 
neer shall be strictly followed. 

31. All beds and joints must be entirely filled 
with mortar, and the work in all cases shall be well 
and thoroughly bonded. 

32. Care must be taken that no water shall 
interfere with the proper laying of masonry in any 
oi its parts. 

33. All means used to prevent water from 
interfering with the work, even to the extent of fur¬ 
nishing and placing pipes for conducting the water 
away from points where it might cause injury to the 
work, must be provided by the contractor at his own 
expense. 

34. Under no circumstances will masonry be 
allowed to be laid in water. 

35. All iron-wmrk, except the sluice-gates, is 
to be built in the masonry without other compensa- 
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tion than the price herein stipulated to be paid per 
cubic yard of masonry. The pipes, special castings 
and other iron work will be furnished and deliverd 
by the city on the site of the dam, and must then be 
carefully protected, handled and laid by the con¬ 
tractor in a thorough manner as directed by the engi¬ 
neer. 

36. No masonry is to be built between the 
15th of November and the 15th of April, or in freez¬ 
ing weather, except by permission of the engineer. 

All masonry to be amply protected from the 
action of frost during the winter. The contractor 
will be required to make good any damage resulting 
from frost on any portion of the work. 

37. All fresh masonry, if allowed to be built 
in freezing weather, must be covered and protected 
in a manner satisfactory to the engineer, and during 
hot weather all newly-built masonry shall be kept 
wet by sprinkling water on it with a sprinkling pot 
until it shall have become hard enough to prevent 
its drying and cracking, and if necessary canvtii 
coverings must be provided. 

38. American cement and Fortlund cement 

are to be used. The American cement must be in 
good condition and must be equal in quality to tlie best 
Rosendale cement. It must be made by marnsfic- 
turers of established reputation, must be fresh and 
very fine ground,.and in well-made caiki. Tin* 
Portland cement must be of a brand in «|yiility 
to the best English Portland cement. I'o insure i{% 
good quality, all the cement furnished liy the con¬ 
tractor will be subject to inspection ai»I rigm'inw 
tests; and if found to be of improper qualiiy, will 
be branded and must be immediately removed from 
the work; the character of the tests to be tlelermined 
by the engineer. The contractor shall, at all times, 
keep in store at some convenient point in tlie virinif y 
of the work, a sulFicient quantity of cement to alhnv 
ample time for the tests to be 'made without dedav 
to the work of construction. I'he engineer sliall he 
notified at once of each delivery of cement. It shaU 
be stored in a tight building, each cask nmst be 
raised several inches above the ground, bv blfudiim*' 
or otherwise. ^ 

39. Cement is generally to be used in the form 
of mortar with an admixture of sand, and v\iien m* 
used, its use is included in the price herein stipulaicii 
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for the various kinds of masonry. For the founda¬ 
tion work, however, Portland cement may be 
ordered by the engineer in exceptionally wet and 
difficult places, to be used with or without any 
admixture of sand for grouting seams or for such 
other purposes as he may direct. The cost of plac¬ 
ing said cement will be paid by the city, the price to 
be paid to be estimated by the engineer unless other¬ 
wise stipulated. Such cement is to be paid for per 
barrel of four hundred pounds, furnished and deliv¬ 
ered by the contractor at the place where it must be 
used. See article Q, item (_/). 

40. All mortar shall be prepared from cement „ 

of the (|uality before described, and clean, sharp **"*"■ 
sand. These ingredients shall be thoroughly mixed 
dry, as follows: The proportion of cement ordered, 
by measure, with the ordered proportion of sand, 
also by me.asure; and a moderate dose of water is to 
be afterwards added to produce a paste of proper 
consistency; tlie wliole to be thoroughly worked 
with hoes or other tools. In measuring cement it 
shall be packed as received in casks from the manu¬ 
facturer. Tlie mortar shall be freshly mixed for the 
work in hand, in proper boxes made for the purpose; 
no mortar to be used that has become hard or set. 

If the mortar ingretlients are mixed at some distance 
from the work, water shall not be added until the 
mortar has been brought to the dam and is ready for 
use. 

41. The price herein .stipulated for the various 
kinds of masonry is contingent on the u.se of a mortar 
made of a mixture a( one part in a volume of Amer¬ 
ican cement to two parts of sand. Atlditional prices 
are herein .stipuhUed for the use of mortars formed 
with a different mixture of cement and sand. Article 
Q, items (.V), (/), («), (v). 

42. 'I'he concrete shall l)e formed of sound _ 
broken .stones or screened gravel stones not exceed- 
ingtwo inches at their greatest diameter. All stones 

in any way larger are to be tbiowii out. 'fhe mate- ' 

rials to be cleaned from dirt and du.st before being 

used; to be mixed in proper boxes, with mortar of 

the cpi.dity before tle.scribed, in the proportion of five 

parts of broken stone to one jjart of cement; to be 

laid immediately afl<n- mixing, and to lie thorongbly 

compacted tiuoughout tin; mass by ramming till the 

water flushes to the surface; the amount of water 

used for makiug the concrete to be approved or 



378 


COMPLETE SPEOIPICATIONS. 


directed by the engineer. The concrete shall be 
allowed to set for twelve hours, or more, if so directed, 
before any work shall be laid upon it; and no walk¬ 
ing over or working upon it shall be allowed while it 
is setting. Article Q, item •(^). 

43. Whenever ordered by the engineer the con¬ 
crete shall be formed of broken stone not exceeding 
one inch at their greatest diameter, used in the pro- 
poition of three parts of broken stone to one part of 
cement. Article Q, item (j-g). 

pimsteriBs. 44. The up-stream faces of all core-walls, and 
such other surfaces as the engineer may direct, will 
be thoroughly plastered with a half inch coat of Port¬ 
land cement plastering put on in'two portions as fol¬ 
lows : Next the concrete a thick coating of Portland 
cement mortar will be put on, mixed, in the pro¬ 
portion of one part of cement to one of sand, rubbed 
to a uniform surface and left rough; over this will 
be smoothly spread with trowels a coat of neat Port¬ 
land cement which shall be thoroughly worked to 
make a perfectly water-tight surface. All plastering 
will be measured and paid for by the square yard of 
superficial surface as per article Q, item (>J). 

45. The bricksshallbeof the best quality of hard- 
burned^ bricks; burned hard entirely through, regular 
and uniform in shape and size, and of compact text- 

“^"^7 quality, the bricks fur¬ 

nished by the contractor will be subject to inspection 
and rigorous tests, and if found of improper quality 
will be condemned, the character of the tests to be 
determined by the engineer. They are to be culled 
before laying at the expense of the contractor, and 
all bricks of an improper quality shall be laid aside 
and removed; the engineer to be furnished with men 
for this purpose by and at the expense of the con¬ 
tractor. 


Brick Ma¬ 
sonry. 


46. All brick masonry shall be laid with bricks 
of the quality before described and in Portland cement 
mortar mipd one part of cement to two of sand. 
No “bats shall be used except in the backing, 
where a moderate proportion (to be determined by 
the engineer) may be used, but nothing smaller than 
half bricks. The bricks to be thoroughly wet just 
before laying. Every brick to be completely imbed- 
ded m mortar under its bottom and on its sides. 
t.^are shall be taken to have every joint full of mortar 
and all joints shall be pointed. 
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47. All centering shall be made, put up, and Centering, 
removed in a manner satisfactory to the engineer. 

48. All stone masonry is to be built of sound, stone 
clean quarry granite stone of quality and size satis- 
factory to the .engineer; all joints to be full of 
mortar, unless otherwise specified. 

49. Paving is to be laid without mortar, and is 
to be used for portions or the whole of the slopes of 
the dam embankments, and at any other place that 
may be designated. 


50. This work is to be measured in accordance 
yvith the lines shown on the drawings or ordered dur¬ 
ing the progress of the work. The stones used must 
be roughly rectangular ; all irregular projections and 
feather edges must be hammered off. No stone will 
be accepted which has less than the depth represented 
on the plans or ordered. Each stone used must be 


set solid on the foundation of broken stone or earth 


and no interstices must be left. 


5t. After the slopes which are to deceive the Broken 
paving have been dressed, a layer of broken stone, Stone*, 
nine inches thick or less, is to be spread as a founda¬ 
tion for the paving wherever ordered. The broken 
stone must be sound and hard, not exceeding two 
inches at the greatest diameter. Broken stones may 
*t>e used also wherever the engineer may direct, and 
paid for under this head. Article Q, item (/). 

The cost of the broken stone used for making 
concrete is included in the price hereinbefore stipu¬ 
lated for concrete laid. 


52. Riprap instead of paving may be used for 
covering a large portion of the dam slopes, and 
wherever the engineer may order. It shall be made 
of stone of such size and quality and in such manner 
a.s he shall direct, and must be roughly laid by hand. 
It will generally be put on in thick layers, and if 
found cheaper will probably be substituted for paving 
on the lower slopes of the dam below the berm. 

53. Rubble-stone masonry is to be used for the 
central part of the dam, for the wing-walls of the 
earth embankments, for the gate-house, and wherever 
ordered by the engineer. 

It shall be made with sound clean stones of com¬ 
pact texture, free from loose seams and other defects. 
They must have roughly rectangular forms, and all 
irregular projections and feather edges must be 
-IsMammered off before the stones are set. The beds 
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must be good for materials of this class and must 
present such even surfaces that when lowering a 
stone on the surface prepared to receive it, there 
may be no doubt that the mortar will fill all spaces. 

After the bed-joints are thus secured, a moderate 
quantity of spalls can be used in the preparation of 
suitable surfaces for receiving other stones. No 
spalling up under a stone after it is laid will be 
allowed, neither will any grouting or filling of joints 
be allowed after the stone is set. Especial care is to 
be taken to have every stone entirely surrounded by 
mortar. 


Broken 

Ashlar. 


Ean^ework. 


The quality of the beds is to regulate, to a large 
extent, the size of the stones used, as the difficulty of 
forming a good bed-joint increases with the size of 
the stones. Various sizes must be used. 

Generally the largest stones are not to measure 
more than twenty cubic feet, and they are to be used 
in the proportion of about twenty-five per cent, of 
the whole, but they must be omitted partially or 
entirely if their beds are not satisfactory. It is 
expected that one quarter of the stones used will be 
of such size that two men can handle them. The 
balance to be composed of intermediate sizes. 
Regular coursing to be avoided. 


54. The exposed faces of the wing walls, 
retaining walls, and of any other rubble work that the 
engineer may designate, are to be made of broken 
ashlar with joints not exceeding one half inch in 
thickness^ the stones not to be Jess than 12 inches 
deep from the face, and to present frequent headers. 
The joints shall be pointed with neat Portland 
cement. This face work is to be paid for by the 
square foot of the superficial area for which it is 
ordered in addition to the price paid per cubic yard 
of rubble-stone masonry, but the right is reserved to 
change this masonry to range work, should it be for 
the interest of the city so to do. Article Q, item («). 

. 55 - outer faces of the masonry dam, and 

It found best the gate-chamber and any other 
masonry that may be designated, are to be made of 
range stones, as shown on the plans, the stones to be 
of unobjectionable quality, sound and durable, 'free 
from all seams and other defects, and of such kind 
^ shall be approved by the ' engineer. They shall 
be pointed with neat Portland Cement. 

j joints are to be cut true to 

a depth of not more than 4 inches, and not less than 
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3 inches from the faces and to surfaces allowing of 
one half inch joints at most; the joints for the 
remaining part of the stones not to exceed 2 inches 
in thickness at any point, 

56. All cut arrises to be true, well defined, and 
sharp. 

57. Where this class of masonry joins with 
dimension stone masonry the courses must corres¬ 
pond, and the joining with arches and other dimen¬ 
sion stone masonry must be accurate and workman¬ 
like. 

Each course to be composed of two stretchers 
and one header alternately, the stretchers not less 
than 3 feet long nor more than 7 feet long. 

58. The rise of the courses may vary from bot¬ 
tom to top from 30 inches to 15 inches in approxi¬ 
mate vertical progression, and the width of bed of 
the stretchers is not to be at any point less than the 
height nor less than 24 inches. The headers are not 
to be less than 4 feet in length. 

This class of masonry, including the headers, is 
to be estimated at 30 inches thick throughout. In no 
case are the tails of the headers to be estimated. 

59. The coping of the wing walls will be 
classed as coping stone masonry. The surfaces will 
be rough pointed to the circular forms given. The 
capping stones to the posts will be estimated as 
dimension stone with hammered surfaces, 

60. The prices herein stipulated for range and 
broken ashlar stone masonry are to cover the cost of 
pointing, of cutting chisel drafts at all corners and 
angles in the work, and of preparing the rock faces; 
but if any six-cut work is ordered in connection with 
this class of masonry it shall be paid for at the prices 
hereinafter stipulated for such work. Article Q, 
item (r). 

61. The face bond must not show less than 
12 inches lap unless otherwise permitted. 

62. The pointing of the faces of all masonry 
in the dam, gate-house, and wings to be thoroughly 
done with neat Portland cement after the structures 
are completed, every joint to be raked out therefor 
to a depth of at least 2 inches, and if the engineer is 
satisfied that the pointing at any place is not properly 
done it must be taken out and done over again. The 
cement is to be mixed in small quantities and applied 
before its first setting. 


Arrises. 


Bond, 


Courses. 


Measure¬ 

ment. 


Coping. 


Prices, 


Pointing:. 
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Dimension 63. Dimension stone masonry must be made 

first-class granite of moderately uniform color, 
free from all seams, discoloration, and other defects, 
and satisfactory to the engineer. The stones shall 
be cut to exact dimensions, and all angles and arrises 
shall be true, well defined, and sharp. All beds, 
builds, and joints are to be dressed for the full depth 
of the stone, to surfaces allowing of one quarter (^) 
inch joint at most. No plug-hole of more than 6 
inches across or nearer than 3 inches to an arris is to 
be allowed, and in no case must the aggregate area 
of the plug-hole in any joint exceed one quarter of 
its whole area. 

The stone shall be laid with one quarter (^) 
inch joints, and all face joints shall be pointed with 
mortar made of neat Portland cement, applied before 
its first setting. All joints to be raked out to a depth 
of two inches before pointing; the cost of pointing 
to be included in the price stipulated for cut stone 
masonry. 

Rock-face. ^4* rock facc work the arrises of the 
stones enclosing the rock face must be pitched to 
true lines; the face projections to be bold, and from 
3 to 5 inches beyond the arrises. The angles of all 
walls or structures having rock faces are to be 
defined by a chisel draft not less than lU inches 
wide on each face. 

Hammered ^ 5 * fi^® hammered work the face of the 
Work. stones must be brought to a true plane and fine 

dressed, with a hammer having six blades to the 
inch. 


Grooves. 


Walk. 


_ For fine hammer-dressing (six-cut work) the 
pnce stipulated in article Q, item X.r), per superfi¬ 
cial square foot of dressing will be paid in addition 
to the price per cubic yard of masonry. 

66. No payment will be made for cutting 
^■ooves and recesses other than the price paid for 
the dressing of their surfaces, which are to be fine 
hammered. 

67. The contractor will build a walk upon the 
top of the earthen embankments. It will be 8 feet 
wide and i foot in depth, composed of broken stone 
9 inches in depth and a thin layer of selected screen- 
mgs and binding gravel (as ordered). The surface 
will be moistened and rolled with a hand roller as 
directed. The broken stone screenings and gravel 
used in this walk will not be included in any other 
measurement. Payment will be made for 4 e fin- 



SPECIFICATIONS AND CONTEACT FOE DAM. 383 


Ished walk according to the number of linear or run¬ 
ning feet it may contain. 

GENERAL CLAUSES. 

68. If any person employed by the contractor 
on the work should appear to the engineer to be 
incompetent, or to act in a disorderly or improper 
manner, he shall be discharged inimediately on the' 
requisition of the engineer, and such person shall not 
be again employed on the work. 

69. Any materials condemned or rejected by 
the engineer or his representatives may be branded, 
or otherwise marked, and shall, on demand, be 
at once renioved to a satisfactory distance from the 
work. 

70. Any unfaithful or imperfect work which 
may be discovered before the final acceptance of the 
work shall be corrected immediately, and any unsat¬ 
isfactory materials delivered shall be rejected on the 
requirement of the engineer, notwithstanding that 
they may have been overlooked by the proper 
inspector. The inspection of the work shall not 
relieve the contractor of any of his obligations to * 
perform sound work, as herein prescribed; and all 
work, of whatever kind, which, during its progress 
and before it is finally accepted, may become dam¬ 
aged from any cause shall be removed, and replaced 
by good and satisfactory work. 

71. Whenever the contractor is not present on Orders 
any part of the work where it may be desired to 

give directions, orders will be given by the engineer 
to, and shall be received and obeyed by, the super¬ 
intendent or foreman who may have charge of the 
particular work in relation to which the orders are 
given. 

72. In all the operations connected with the work Law*, 
herein specified, all laws or regulations controlling 

or limiting in any way the actions of those engaged 
on the works, or affecting the methods of doing the 
work or materials applied to" it, must be respected 
and strictly complied with; and during the progress 
of the work the contractor shall provide such precau¬ 
tions as may be necessary to protect life and 
property. 

73. After the completion of the work the con- clearingap. 
tractor is to remove all temporary structures built by 

him, and all surplus materials of all kinds from the 
site of the work, and to leave them in neat condition. 
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' Subletting. H. The contractor agrees that he will give his per¬ 
sonal attention to the fulfillment of this contract ; and 
that he will not sublet the aforesaid work, but will 
keep the same under his control, and that he will not 
assign, by power of attorney or otherwise, any por¬ 
tion of the said work, unless by and with the previous 
consent of the water board, to be signified by 
endorsement on this agreement. 

Wysand I, The contractor shall furnish the necessary 
Means, scaffolding, ways, and all necessary means and con¬ 
veniences for the transfer of the material to its 
proper place and for its erection. And it is also to 
be understood that the city shall not be held respon¬ 
sible for the care or protection of any materials or 
parts of the work until its final acceptance. 

Acc«u. J- It is further agreed that the engineer, or his 
authorized agent and assistants, shall at til times 
have access to the work during its progress; and he 
shall be furnished with every reasonable facility for 
ascertaining that the work being done is in accord¬ 
ance with the requirements and intention of thii 
contract. 

Alteration. K. Should it be found desirable by the water 
board to make alterations in the form or character of 
any of the work, the said water board may order 
such alterations to be made, defining them in writing 
and drawings, and they shall be made accordingly ; 
provided^ that in case such changes increase the cost 
of the work, the contractor shall be fairly remunera¬ 
ted; and in case they shall diminish the cost of the 
work, proper deduction from the contract price shall 
be made; the amount to be paid or deducted to he 
decided by the city engineer. 

Kx.ra Work. L. The contractor hereby agrees that he will do 
such extra work as may tm required by the u liter 
board for the proper construction or coinpletjori of 
the whole work herein contemplated; that he will 
make no claims for extra work unless it shall have 
been done in obedience to a written order from tlie 
said water board or their duly autlmri/ed agent; that 
all claims for extra work done in any nmiith sluill lie 
filed in writing with the engineer liefore the flfteeiilli 
of the foHowing month; and that, failing to file siicli 
claims within the time required, all riglits for pay for 
such extra work shall be forfeiteil. The price to lie 
paid for all extra work done shall be its actual rea¬ 
sonable cost to the contractor, as lietermined by the 
city engineer, plus llfteen per cent. 
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M. The contractor is to use such appliances for the 
performance of all the operations connected with the 
work embraced under this contract as will secure a 
satisfactory quality of work and a rate of progress 
which, in the opinion of the engineer, will secure the 
completion of the work within the time herein speci¬ 
fied. If, at any time before the commencement or 
during the progress of the work, such appliances ap¬ 
pear to the engineer to be inefficient or inappropriate 
for securing the quality of the work required or the 
said rate of progress, he may order the contractor to 
increase their efficiency or to improve their character, 
and the contractor must conform to such order; but 
the failure of the engineer to demand such increase 
of efficiency or improvement shall not relieve the 
contractor from his obligation to secure the quality 
of work and the rate of progress established in these 
specifications. 

N. The said contractor further agrees that if the 
work to be done under this contract shall be aban¬ 
doned, or if at any time the engineer shall be of the 
opinion, and shall so certify in writing to the water 
board, that the said work is unnecessarily or unrea¬ 
sonably delayed, or that the said contractor is willfully 
violating any of the conditions or agreements of this 
contract, or is not executing said contract in good 
faith, or fails to show such progress in the execution 
of the work as will give reasonable grounds for an¬ 
ticipating its completion within the required time, 
the said water board shall have power to notify the 
said contractor to discontinue all work, or any part 
thereof, under this contract; and thereupon the said 
contractor shall cease to continue said work, or such 
part thereof, as the said water board may designate; 
and the said water board shall thereupon have the 
right, at their discretion, to contract with other par¬ 
ties for the delivery or completion of all or any part 
of the work left uncomplet(^d by said contractor, or 
for the correction of the whole or any part of said 
work. And in case the expense so incurred by said 
water board is less than the sum which would have 
been payable under this contract if the same had been 
completed by the said contractor, then the said con^ 
tractor shall be entitled to receive the difference ; and 
in case such expense shall exceed the last said sum, 
then the contractor shall, on demand, pay the amount 
of such excess to the said city, on notice from the 
said water board of the excess so due; but such ex- 
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cess to be paid by the contractor shall not exceed the 
amount of the security for the performance of this 
contract. 

O. The said contractor further agrees that the said 
water board may, if they deem it expedient to do so, 
retain out of and amounts due to the said contractor 
sums sufficient to cover any unpaid claims of 
mechanics or laborers for work or labor performed 
under this contract; frovided^ that notice in writing 
of such claims, signed by the claimants, shall have 
been previously filed in the office of the city clerk. 

P. The said conti*actor further agrees that he will 
indemnify and save harmless said city from all claims 
against said city, under chapter one hundred and 
ninety-one of the Public Statutes of Massachusetts, 
and any laws passed since the Public Statutes, with 
reference to liens on buildings and lands, for labor 
done and materials furnished under this contract, 
and shall furnish the said water board with satis¬ 
factory evidence, when called for by them, that all 
persons who have done work or furnished materials 
under this contract, for which the said city may 
become liable, and all claims from the various 
departments of the city government, or private cor¬ 
porations, or individuals, for damage of any kind 
caused by the construction of said work, have been 
fully paid or satisfactorily secured; and in case such 
evidence is not furnished, an amount necessary and 
sufficient to meet the claims of the persons aforesaid 
shall be retained from any moneys due, or that may 
become due, the said contractor under this contract, 
until the liabilities aforesaid shall be fully discharged 
or satisfactorily secured. 

The said contractor further agrees that he will 
indemnify and save harmless the said city from all 
suits or actions, of every name and description, 
brought against the said city for or on account of 
any injuries or damages received or sustained by 
any person or persons, by or from the said con¬ 
tractor, his servants or agents, in the construction of 
said work, or by or in consequence of any negli¬ 
gence in guarding the same, or any improper mate¬ 
rials used in its construction, or by or on account of 
any act or omission of the said contractor or his 
agents; and the said contractor further agrees that 
so much of the money due him under and by virtue 
of this agreement as shall be considered necessary by 
the said engineer may be retained by the said city 
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until ^11 such suits or claims for damages as afore¬ 
said shall have been settled, and evidence to that 
effect furnished to the satisfaction of the said engi¬ 
neer. 

Q. And the said contractor further agrees to receive 
the following prices as full compensation for furnish¬ 
ing all the materials, and for doing all the work con¬ 
templated and embraced in this agreement; also, for 
all loss or damage arising out of the nature of the 
work aforesaid, or from the action of the elements, 
or from any unforeseen obstruction or difficulties 
which may be encountered in the prosecution of the 
same; and for all risks of every description con¬ 
nected with the work; also, for all expense incurred 
by or in consequence of the suspension or discon¬ 
tinuance of said work as herein specified, and for 
well and faithfully completing the work, and the 
whole thereof, in the manner and according to the 
plans and specifications, and the requirements of 
the engineer under them, to wit; 

(a) For the removal of soil excavated and 
placed in spoil banks, including all incidental work, 
ffie sum of —-($-) per cubic yard. 

(aa) For the removal of soil taken from spoil 
banks or from other places and placing on the slopes 
of the embankment, including all incidental work, 
the sum of —-($-) per cubic yard. 

(i) For sodding, including all incidental work, 

the sum of -- ($~-) per superficial square 

yard. 

(i3) For seeding, including all incidental 
work, the sum of —--($-) per acre. 

(c) For earth excavation, mcluding its dis¬ 
posal in embankments and refilling, or as otherwise 
ordered by the engineer, and all incidental work, the 
sum of— ($~—) per cubic yard. 

(cc) For rehanclling of excavated materials 
from spoil banks, and |>hicing, including all incident¬ 
al work, the sum of-- ($-) per cubic yard. 

(d) For rock excavation, including its dis¬ 

posal, and all incidental work, the sum of——— 
($ —. ) per culjic yard. 

(^) For permanent timber work, except 
tougued and grooved timber, placed, including all 

incidental work, the sum of-($-) per 

thousand feet B. M. 
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(^ee) For permanent timbei work, tongued and 
grooved, placed, including all incidental work, the 
sum of-($-“-) per thousand feet B. M. 

(y) For Portland cement ordered by the en¬ 
gineer, delivered where ordered on the work, in bar¬ 
rels containing four hundred pounds, including all 

incidental work, the sum of- ($-) per 

barrel. 

(^) concrete masonry, in place, formed of 

five parts of broken stone or screened gravel, to one 
part of cement, and made with American cement 
mortar mixed in the proportion of one part of cement 
to two parts of sand, including all incidental work, 
the sum of—^ ($-) per cubic yard. 

For concrete masonry, in place, formed 
of three parts of broken stone or screened gravel to 
one part of cement and made with American cement 
mortar mixed in the proportion of one part of cement 
to two parts of sand, including all incidental work, 
the sum of-($-) per cubic yard. 

(^) For plastering all concrete walls with 
Portland cement, including all incidental work, the 
sum of- ($-) per superficial square yard.* 

(/) For brick masonry, laid in Portland 
cement mortar mixed in the proportion of one part 
of cement to two parts of sand, and including all 
pointing, centering, etc., and removing the same, 

and all incidental work, the sum of -($ .— ) 

per cubic yard. 

(y) For paving in place, including all inci¬ 
dental work, the sum of -($-) per cubic 

yard. 

(^) For riprap in place, including all inci¬ 
dental work, the sum of -($-) per cubic 

yard. 

(/) For broken stone in place (other than that 
used in making concrete and the walk), including 

all incidental work, the sum of-($--) per 

cubic yard. 

(/«) For rubble-stone masonry, laid in Ameri¬ 
can cement mortar mixed in the proportion of one 
part of cenlent to two parts of sand, including all 

incidental work, the sum of-($-) per cubic 

yard. 

(«) For face work of broken ashlar, in addi¬ 
tion to the price paid per cubic yard as rubble, 
including pointing in neat Portland cement, and all 
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incidental work, the sum of - ($-) per 

superficial square foot. 

(0) For facing stone masonry of range stones 
laid in Amei'ican cement mortar mixed in the pro¬ 
portion of one part of cement to two parts of sand 
and pointing in neat Portland cement, including all 

incidental work, the sum of . ($-) per cubic 

yard. 

(p} For coping laid in place, and pointed in 
neat Portland cement, including all incidental work, 

the sum of - ($-) per linear or running 

foot. 

(0 For dimension stone masonry laid in 
American cement mortar mixed in the proportion of 
one part of cement to two parts of sand, including 
pointing in neat Portland cement, centering, etc., 

and all incidental work, the sum of-($ . 

per cubic yard. 

(r) B^or fine hammer dressing (six-cut work) 

the sum of --($-) per superficial square 

foot. 

(s) For all kinds of masonry laid in American 
cement mortar mixed in the proportion of one part 
of cement to one part of sand, in addition to the 
prices per cubic yard hereinbefore stipulated to be 
paid for the same class of masonry laid in American 
cement mortar mixed in the proportion of one part 
of cement to two parti of sand, the sum of——— 

—) per cubic yard. 

(/) For all kinds of masonry laid in Portland 
cement mortar mixed in the proportion of one part 
of cement to one part of sand, in addition to the 
prices per cubic yard Ijereinhefore stipulated to be 
paid for the same class of masonry laid in American 
cement mortar mixed in the proportion of one part 

of cement to two parts of sand, the sum of ....— 

per cubic yard. 

(u) For all kinds of masonry laid in Portland 
cement mortar mixed in the |)roportion of one part 
of cement to two parts of sand, in addition to the 
prices per cubic yard hereinbefore stipulated to be 
paid for tlie same class of masonry laid in American 
cement mortar mixed in the proptution of <)ne part 
of cement to two parts of sand, the sum of ———- 

per cubic yard. 

(v) For all kinds of masonry laid in Portland 
cement mortar mixed in the propmlion of one part 
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of cement to three parts of sand, in addition to the 
price per cubic yaird hereinbefore stipulated to be 
paid for the same class of masonry laid in American 
cement mortar mixed in the proportion of one part 

of cement to two parts of sand, the sum of-- 

-) per cubic yard. 

(w) For building walk, including all inci¬ 
dental work, the sum of-($-) per linear 

or running foot. 

(^) For all extra work done by written order 
of the Boston Water Board, its actual reasonable cost 
to the contractor, as determined by the engineer, 
plus fifteen per cent, of said cost. 

R. And it is agreed that payment for the work 
embraced in this contract shall be made in the fol¬ 
lowing manner: 

A payment will be made, on or about the first 
day of each month, of 85 per centum of the value of 
the work completed in place by the contractor on 
the fifteenth of the previous month, as estimated by 
the engineer. 

Provided^ however^ that the making of such 
payment may be deferred from month to month, 
when, in the opinion of the engineer, the value of 
work done since the last estimate for payment is less 
than one thousand dollars. 

The said contractor further agrees that he shall 
not be entitled to demand or receive payment for 
any portion of the aforesaid work or materials, until 
said work shall have been completed to the satisfac¬ 
tion of the city engineer, and the said city engineer 
shall have given his certificate to that effect; where¬ 
upon the said city will, within forty days after such 
completion, and the delivery of such certificate, pay » 
the said contractor the whole amount of money 
accruing to the said contractor under this contract, 
excepting such sum or sums as may be lawfully 
retained by said city. 

Provided^ that nothing herein contained be con¬ 
strued to affect the right hereby reserved of the said 
water board to reject the whole or any portion of 
the aforesaid work, should the said' certificate be 
found or known to be inconsistent with the terms of 
this agreement, or otherwise improperly given. 

S. The parties hereto further agree that this con¬ 
tract shall be in writing, and executed in triplicate, 
one of which triplicates shall be kept by the said 
engineer, one to be delivered to the city auditor of 
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said Boston, and one to the said contractor; that 
this contract shall be utterly void as to the said city 
if any person appointed to any office, or employed 
by virtue of any ordinance of said city, is either 
directly or indirectly interested therein. 

And the said contractor further agrees that he 
will execute a bond in the sum of one hundred 
thou'sand dollars ($100,000) and with such sureties 
as shall be approved by the said Boston Water Board, 
to keep and perform well and truly all the terms and 
conditions of this contract on his part to be kept and 
performed and to indemnify and save harmless the 
said water board as herein stipulated. 

T, And it is also to be understood and agreed » 
that, in case of any alterations, so much of this 
agreement as is not necessarily affected by such 
alterations, shall remain in force upon the parties 
hereto. 

u. And the said contractor hereby further agrees 
that the payment of the final amount due under this 
contract and the adjustment and payment of the bill 
rendered for work done in accordance with any 
alterations of the same, shall release the city from 
any and all claims or liability on account of work 
performed under said contract or any alteration 
thereof. 

In Witness Whereof^ the parties to these pres¬ 
ents have hereunto set their hands the year and day 
first above written. 

The City of Bos¬ 
ton, by its Boston 
Water Board, 



Signed in the presence of 


Know all Men by these Presents, 

That we---- 

are held and firmly bound unto the CITY OF BOS¬ 
TON, in the sum of--—_ 

dollars, to be paid to the CITY OF BOSTON, or 
26 ’ 
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its certain attorney, its successors and assifros, for 
which payment, well and truly to be rna«lt\^we bind 
ourselves, our heirs,, executors, and administrators, 
jointly and severally, Ifirmly by these presents. 

The Condition of this o&iigatiou is sack that 

if the above-bounden---- 

shall well and truly keep and perform all the terms 
and conditions of the foregoing contract for building 

Dam No. 5 , in the town of Soiithbofmigh on— -- 

part to be kept and performed, and shall iiulemnify 
and save harmless the said CFFY OF BOSTON, 
as therein stipulated, then this obligation sIhiII be of 
no effect; otherwise it shall remain in full force »aiicl 
virtue. 

In Witness Whereof we hereto set oiir liatnls 
and seals on this- day of—--——-In the year 

eighteen hundred and ninety-three. 


Signed and Seai.ed in presence of 


174. SPECIFICATIONS FOR TI!K K1MOFCTIIRAI. 
IRON WORK 

OF A 

HOTEL BIIII.DIXCL 

TO BE ERECTED ON 'riiE .SOUTilWEST CORNKR OF ^.fTH STIIEICT 
AND 5TH AVKNl’K FOR JOHN JAifCJM hWUnU 

H. J. Hardenbehgh, Purdv k IIknukicson, 

Architect, Con^nlting 

New ^'ork. New anil Chiragf^ 

Mav, 1H95. 

In order to understand the business |•elal^ul^s iinolvinl m 
the following specifications, some expl.in.ilion o! them is 
sury. 
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Messrs. Purdy and Henderson, the consulting engineers, 
are under contract with Mr. H.J.Hardenbergh, architect, to furn¬ 
ish those parts of the plans and specifications for the building 
which relate to the iron and steel frame work. They are also 
under contract with Mr. Downey, the agent of the owner, to 
prepare all the shop drawings, to supervise the inspection, to su¬ 
perintend the erection of the steel frame work, to check all bills 
rendered by the contractor for this portion of the work, and, in 
general, to see that all the contracts relating to this part of the 
building are faithfully fulfilled. , The contract for the iron and 
steel work was let on a pound basis erected. A separate set 
of specifications were prepared for the inspection of the work, 
and also one for the use of the computers and draftsmen in pre¬ 
paring detail plans. It will thus be seen that the consulting 
engineers are under contract to do a great deal more in this 
matter than is usually expected of the architect, and much more, 
therefore, than the architect could afford to pay for, if all this 
service had to be remunerated out of his professional fees. In 
the most common practice, the owner checks his own bills, pays 
the contractor for the shop drawings and divides the remaining 
portion of this additional service with the architect. Only a 
small portion of the additional fee paid the engineer by this 
arrangement is consequently an added expense. It is important 
that consulting engineers should make contracts with the owner 
for the additional detail work and supervision as well as -with 
the architect for the preparation of the general plans. This 
kind of a double connection is desirable and likely to secure 
the most satisfactory service. 

The steel construction described in these specifications is 
that for a new hotel adjoining The Waldorf on the north, cor¬ 
ner 34th street and Fifth avenue, New York city. The 
building is in plan 350 feet by 100 feet, and is sixteen stories 
high above the sidewalk, with basement and sub-basement,^ 
extending 35 feet below ground. It is the largest steel con- 
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structed building ever designed, containing over 10,000* 
tons of structural iron. The exterior of the building is 
finished with stone to the height of three stories above 
the sidewalk, and with brick, with terra cotta trimmings, 
above that line. The construction involves many unusual 
conditions, such as a ballroom on the second story 100 
feet long, and 85 feet wide, with vaulted ceiling reaching to 
the fifth floor. The floors above this great room, and also the 
roof, are carried on two trusses extending through four stories, 
the total load carried by the two being about nine million 
pounds. The columns in the walls around this ballroom are 
from 60 to 70 feet in length, and some of them carry over three 
million pounds each. Therejs also a large diningroom on the 
first floor, which necessitates the use of very heavy trusses, and 
difficult and costly work. The spaces between the columns 
are unusually long, 35 and 40 feet being common, thus requir¬ 
ing an unusual quantity of plate girder work. In several other 
places in the building, rooms extend through two stories, and 
the roof on three sides has a Mansard slope fifty feet in height, 
with large towers on the three street corners. All the details 
have been worked out with great care, and the business rela¬ 
tions of the engineer of construction to both the architect and 
the owner are considered ideal. 

Specijications Explained: These specifications are sup¬ 
plemental to the contract already entered into for the construc- 

tural iron and steel work of this building, between- 

-, parties of the first part,* and-, parties of the 

second part. They are the specifications referred to in the first 
clause of said contract, and which are to be considered a part 
of that contract. 

These specifications are intended to cover all the structural 
iron work in said building. They are intended to co-operate 
with the drawings for the same, both those furnished by the 
architect and those furnished by the engineers as hereinafter 
specified, and what is called for by either, is as binding as if 
called for by both. They are intended to describe and provide 

•Mr. Astor’s agent, who stands as the party of the first part in these specifications^ 
Is Mr. John Downey, and he is so named in various parts of the document. 
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for a finished piece of work. The contractor will understand 
that the steel construction herein described is also to be complete 
in every detail, and in every portion of the work, and all mate¬ 
rial entering into it is to be first-class, and he will be expected 
to thoroughly understand the construction and to fully inform 
himself in regard to any points that he may not clearly under¬ 
stand, for what is herein intended to be described, viz.: The 
complete and perfect construction of the building is the thing 
required. When necessary or desirable, he must apply to the 
architect or the engineers for further details or specifications 
during construction or before proceeding with his work. 

Requirements Outlined: This contractor must furnish and 
set all the non and steel shown or referred to in these specifica¬ 
tions and called for by the said drawings hereinbefore referred 
to, and when the erection is completed, he must remove all the 
materials used in performing the work. He must furnish in all 
cases the exact sections, weights and kinds of material that are 
called for, and he must follow exact details, methods and in¬ 
structions called for by these specifications and said drawings. 
He must set the iron work as fast as may be considered practi¬ 
cal in the judgment of the architect, always keeping at least one 
story in advance of the masonry. He will be expected to give 
this work his personal supervision, or have a capable man at 
all times to take care of it. He must also do all the cutting and, 
fitting that may be required in his work to receive the work of 
other contractors. 

Reference in Case of Dispute: Should any difference of 
opinion or dispute arise in relation to the meaning of these 
specifications, or of the said drawings furnished by either the 
architect or the engineers as hereinafter specified, reference 
must be made to the engineers, but if their decision is not sat¬ 
isfactory appeal may be made to the architect, whose decision 
on all such points shall be final and conclusive. 

Drawings: The general dimensions, arrangement and sec¬ 
tions required - for the structural iron work herein specified, are 
shown on the general structural iron drawings prepared and fur¬ 
nished by the architect, and included in pages- 

to-,inclusive. 

The sections given are those of the Carnegie Steel Com¬ 
pany’s manufacture. In general, these drawings are made to 
scale, but scale dimensions must never be used. These draw¬ 
ings, together with these specifications, are the property of the 
architect, to whom all copies must be returned on the comple¬ 
tion of the work. Detail or shop drawings, including drawings 
of every part and piece of the work, with all the lists, schedules, 
indexes, erection plans or other directions necessary for the 
proper manufacture, finish and erection of the work covered 
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by these specifications, and the said general drawings prepared 
by the architect, will be made and furnished by the engineers. 

Blue prints of the shop drawings, lists and schedules, as 
many copies of each as are necessary, but not more than five, 
will be furnished to the contractor for his use in the manufac¬ 
ture of the material. Another complete set of these prints, 
together with one complete set of prints of the erection draw¬ 
ings, will be furnished to the contractor for use in erection. 
One complete set of all the drawings, plans, lists and schedules 
will be furnished to the inspector. All the above-mentioned 
prints will be furnished by the engineers, free of expense. 
Additional prints of any of these drawings may be taken by said 
contractor or inspector, if desired, at their own expense, but 
originals taken from the office for that purpose must be promptly 
returned. 

Orders: All materials required to be furnished or work to 
be done under these specifications or by the said general structural 
iron drawings, prepared by the architect, will be ordered by the 
engineers from time to time with the shop drawings, lists, 
schedules, etc., for the same, as fast as they can be prepared, 
and the contractor for the structural iron work must order no 
material and perform no work under these specifications until 
he has received the said detail drawings, lists and schedules for 
the same. Bolts or other material used temporarily for 
erection purposes are not included in this specification. 

Extras and Bills: No additional work or material, over and 
above what is called for by said detail drawings, lists and sched¬ 
ules, prepared and furnished as hereinbefore provided, will be 
allowed unless ordered by the architect in writing. When said 
detail drawings, lists and schedules are received by the con¬ 
tractor, they must be immediately examined to determine 
whether the material and work called for by the same may be 
properly classified in the price classification contained in the 
contract hereinbefore referred to, and of which these specifica¬ 
tions are considered a part; or, in any supplemental agreement 
that may be made to said contract. In case either or both may 
not be properly classified, in said price classification, the engi¬ 
neers must be promptly notified of the fact in writing, and a 
copy of such notification must also be sent to the architect. If 
no reply, verbal or written, to such notification is received 
within three days, a second notification must be sent the same 
as the first, but, in any case, the work called for by such detailed 
drawings, lists or schedules must proceed without delay, unless 
the contractor shall receive written instructions to the contrary 
from the architect or engineers. 

No bill for extra work ordered by the architect as herein 
provided, or not called for by said drawings, lists or schedules 
will be approved by the architect unless it is rendered imme- 
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diately upon the completion and acceptance of said work. All 
bills for material or work not properly included in the price 
classification hereinbefore referred to, must be made separate 
from the bills for work and material properly covered by said 
price classification. All bills must be made sufficiently in 
detail to permit of their ready verification. The originals of 
all bills must be sent to the engineers, Purdy & Henderson, and 
exact duplicates must, at the same time, be sent to John 
Downey, parties of the first part in the contract hereinbefore 
referred to. • 

Building Laws: This contractor must comply with all 
municipal or corporation ordinances and the laws and regula¬ 
tions relating to buildings in the city of New York. 

Risks: This contractor will be liable and responsible for 
any damage to life, limb or property that may arise or occur to 
any party whatever, either from accident or owing to his negli¬ 
gence, or that of his employees during the operations of con¬ 
structing or completing the works herein specified. 

Rubbish: This contractor must remove from the premises 
all rubbish arising from his operations as the work proceeds 
and at completion of same. 

Signs: No signs of any description will be allowed to be 
placed on or about the building or premises. 

Co-operation and Cleaning Up: This contractor must co¬ 
operate with the contractors for the other parts of the building, 
so that when completed it shall be in accordance with the 
architect's design and a complete and perfect piece of work. 
He must arrange and carry on his work in such a way that the 
other contractors shall not be delayed, subject always to the 
architect. When his work is finished he must remove from the. 
premises all the tools, apparatus, machinery, scaffolding, and 
the debris pertaining to his part of the work, and leave the job 
free from all obstruction. 

Kind of Material Required: All material required for 
the trusses, and all the material required for the flanges of 
riveted girders must be open hearth steel. 

All other material required for riveted members, and the 
beams and channels used in the floors with their connections, 
may be made of Bessemer steel, unless in special cases, it shall 
be otherwise specified. 

Pins over five inches in diameter must be of forged steel. 

All machine driven rivets must be of steel. 

Tie rods, bolts, anchors, lateral ties and all hand driven 
rivets must be of wrought iron. 

Bearing plates in masonry, bases under columns, separa¬ 
tors, brackets under plates, and filler blocks more than 
inches thick, must be made of cast iron. 
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Shoes for trusses and column blocks where required must 
be made of cast steel. 

Character and finish of materials: All the steel used 
in this building must comply with the following specifications : 



Medium 

Steel. 

Soft Steel. 

Maximum ultimate strength in lbs. per sq. in.. 
Minimum ultimate stren^h in lbs. per sq. in.. 

Minimum elastic limit in lbs. per sq. in... 

Minimum percentage of elongation in 8 inches.. 

68,000 

60,000 

32,000 

22% 

60,000 

30,000 

26% 


Test pieces of medium steel must bend cold i8o° about a 
diameter equal to the thickness of the piece without any sign of 
fracture on the convex side of the bends. Test pieces of soft 
steel must bend cold i8o® flat without any sign of fracture on 
the convex side of the bend. They must also stand the same 
bend after being heated to a light cherry red and quenched in 
water whose temperature is 82® Fahrenheit. 

Soft steel must be used for rivets and medium steel for* all 
other material. All steel must have a smooth surface and must 
be*free from all faults or defects of any kind or of any indication 
of unsoundness. Each piece must be straight, free from wind 
and of proper section. A variation in weight either way of 
more than 2 per cent, from that specified shall be cause for 
rejection. 

Eye bars used in trusses must comply with the following 
specifications in full size tests: 


Ultimate strength in lbs. per sq. in. not less than..58,000 

‘‘ more .66,000 

Elastic limit in lbs. per square inch not less than..29,000 

Elongation in 2 ft. length of bar nearest fracture ... 15% 

Kedttction pf area .. 40% 


The fracture must take place in the body of the bar and 
must be generally silky. The mill requirements for material 
for eye bars must be as specified for by the manufacturers of 
the bars. 

All wrought iron used in this building must have an ulti¬ 
mate strength of not less than 48,000 lbs. per square inch, an 
elastic limit of not less than 26,000 lbs. per square inch, and an 
elongation of 20 per cent, in 8 inches. The wrought iron 
required for bolts and rivets must be so ductile that test pieces 
will bend cold 180 degrees flat without any sign of fracture on 
the convex side of the bend. All the wrought iron must be 
perfectly welded in rolling, fibrous, uniform and free from all 
defects. Each piece must be straight and of proper section. 
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All the cast steel used in this building must have an ulti¬ 
mate strength of not less than 60,000 lbs.‘ per square inch, an 
elastic limit of not less than 32,000 lbs. per square inch, and an 
elongation in 8 inches of not less than 15 per cent. All cast¬ 
ings must be annealed and all test pieces must be cast as 
coupons and detached after annealing. 

All the cast iron used in this building must be tough gray 
iron, free from cold shuts, blow holes or other serious defects. 
Its quality must be such that sample bars i inch square cast in 
sand moulds must be capable of sustaining on a clear span of 
4}^ feet a central load of 500 pounds when tested in the rough 
bar. 

Painting: All iron must receive a coat of pure raw lin¬ 
seed oil at the rolling mills just before being loaded on the 
cars. 

The covered surfaces (surfaces in contact and surfaces 
enclosed) of all parts of riveted members must receive one good 
coat of graphite paint, after the pieces are punched and before 
they are assembled. All finished members must receive one 
complete coat of the graphite paint before they are taken from 
the shop or exposed to the weather. All surfaces that can be 
reached must have one coat of the graphite paint after erection: 
All truss members must have two coats of paint in the shop and 
the enclosed surfaces of these members must have the two coats 
before they are assembled. 

Foundation beams and connections must have two coats of 
paint at the shop. All bolts used in erection and remaining 
permanently in the building must be dipped in graphite paint 
before being placed in position. 

All pins and bored pin holes or other planed surfaces in the 
trusses must be coated with white lead and tallow before leaving 
the shop. 

All painting must be done on dry surfaces and preferably 
warm ones. All dirt and foreign matter of any kind must be 
removed from the iron before painting. All scale must be 
removed from finished members before painting the first coat in 
the shop. All scale must be removed from material required 
for the trusses before it is oiled at the rolling mill. 

The paint used must be the superior graphite paint, pre¬ 
pared and mixed by the Detroit Graphite Manufacturing Com¬ 
pany, of Detroit, Michigan. 

Inspection: The inspection hereby provided will be made 
by inspectors employed by John Downey. 

The contractor for the structural iron must furnish full and 
ample means for the inspection of all the materials called for by 
these specifications, and of all the work required in fitting such 
materials for erection; and to this end, he shall admit the arch- 
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itect, engineers, and inspectors to any part of the mills or shops 
where work under these specifications'* is being carried on. 

To secure proper material, as herein specified, one pulling 
test must be made from every heat or blow of steel or rolling of 
iron,^ and one bending and one quenching test; when such 
requirements are specified, if these are satisfactory, the whole 
will be accepted. If they are not satisfactory, others may be 
made as the inspector may deem expedient. All test pieces 
must be prepared at the expense of the contractor for the struc¬ 
tural iron. The test pieces of rolled steel and wrought iron 
miist be cut out of finished material, and must not be less than 
square inch in section. They must be at least lo inches long 
between fillets when turned down. When possible they must 
be cut from tke full thickness of the section, from which the 
tests are taken. The method of selecting test pieces for mate¬ 
rial for eye bars must be as required by the manufacturer of 
the bars. 


The number of test pieces of cast steel must be fixed by 
the inspector. 

Full sized tests of eye bars must be made as required by 
the architect or engineers. Test bars for such tests will be 
selected by the inspector from the lot after forging and before 
boring, the results of the test to determine the acceptance or 
rejection of the entire number which the test bar represents. 
Other full sized tests must be made if required. 

The material used for all full sized tests will be paid for at 
cost, less the scrap value of the material to the contractor when 
the pieces are tested to destruction, and the test proved satis¬ 
factory ; otherwise it must be solely at the cost of the contrac¬ 
tor. ^ The use of testing machines capable of testing both 
specimens of material and the full sized members, together with 
all necessary assistance in handling and operating the same, 
must be furnished by the contractor free of all expense. 

All surfaces of all materials must be carefully examined by 
the inspectors, and all pieces that are of full section—free from 
flaws—straight and in every vray satisfactory, must be accepted. 
This inspection will not, however, prevent the rejection of any 
pece at any later time, but before it is riveted in place in the 
building, if It is discovered that the piece is in any way unsuit¬ 
able. Ample assistance must be given by this contractor to the 
inspector'in making this examination. 

All material manufactured under these specifications must 
be tested and examined as herein provided before the same is 
oiled or loaded on the cars for shipment from the mill, and as 
soon after rolling as may be convenient for the mill, and failure 
to comply with these specifications will be sufficient cause for 
the rejection of .the material. 
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The inspection in the shop must, in general, cover the 
identification of material, the accuracy of work, and ful¬ 
fillment of specifications and drawings in every respect, and 
reports of finished weights and progress of the work, in all 
of which the inspector must have ample opportunity to do his 
work. All rejected material must be made good to the satis¬ 
faction of the inspector. 

All long measurements in the shop made by the inspector, 
must be made with a steel tape which must be compared with 
the shop's standard measure to assure their agreement. 

In case of any disagreement between the inspectors and 
the contractors regarding the inspection, appeal may be had to 
Purdy & Henderson, Consulting Engineers, but their decision 
shall be final. 

Beams: In general not more than j 4 ‘of an inch will be 
allowed by the drawings for clearance at each end of beams 
connecting to beams and not more than of an inch at each 
end of beams connecting to columns. All beams supported by 
connection angles riveted to the webs when finished, must 
measure out to out of such connection angles, not more than 
the length given on the drawings, and not more than of an 
inch less than that length. All beams connecting to columns 
may be inch shorter than shown on the drawings, but must 
not be longer. 

All open holes must be true to the drawings, and an error 
in the distance from end to end, between the open holes in the 
flanges at the ends of beams of more than i-i6 of an inch must 
not be approved by the inspector. 

Where connections are marked standard, the standards 
adopted for this particular job must be used! Beams or other 
material used in floor construction, excepting bent plates used 
in connections, must not be heated for bending, cutting, or 
fitting, unless so marked on the drawings. 

Beams split or permanently injured by work in the shop 
must not be used. 

Beams which are required to be bolted together with sep¬ 
arators in the building, must be assembled and bolted together 
in shop when practicable. 

Columns: The distance from the center of the columns 
out to the open holes required for the connection of beams, 
must be verified by the inspector. If, on account of the 
material overrunning in weight or on any other account, these 
distances are wrong more than i-i6 of an inch, the error must 
be remedied, as the inspector may desire. 

All columns must be milled or ground at each end to a 
smooth bearing surface at right angles to the axis of the column, 
and the inspector must verify from time to time, the adjustment 
of the machinery used in this work. 
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All columns must be exactly true to length, and any dis¬ 
crepancies in such lengths of more than 1-33 of an inch, must 
be reported promptly to the engineers. If more than 1-32 of 
an inch too long, they must be milled shorter. 

Where columns coming over each other are designed to 
have the same exterior dimensions, a filler about 1-32 of an 
inch thick must be put under the splice plates where they are 
riveted to the columns. These fillers must cover the entire 
area covered by the splice plates. They will not be drawn on 
the drawings, but will be noted in the bill of material on each 
drawing where required. 

Columns must all be straight and out of wind. 

Riveted Girders: Web plates must be arranged so as not 
to project above or below the flange angles. The lines show¬ 
ing the edges of such plates will be omitted from the drawings. 

In general, all stiffener angles must fit tight at both ends. 

Open holes in flanges must have the same accuracy 
required for beams. 

All riveted girders must be out of wind before leaving the 
shop. 

Trusses: Eye bars must be entirely free from flaws and 
of full section. The heads must be so proportioned that the 
bars.will break in the body of the original bar and the process 
of manufacture and the form of the head must be subject to the 
approval of the engineers. No welding will be allowed in the 
body of the bars. They must be perfectly straight before 
boring and the pin holes must be centered through the center 
line of the bar. The lengths back to back of pin holes must 
not vary more than of an inch from the figured lengths 
when the bars are 30 feet long or less; not more than of an 
inch when more than 20 feet long. Bars which go side by side 
in the trusses must be so perfectly bored that the pins will pass 
through the holes at both ends without driving when the bars 
are placed in a single pile. The holes must not be more than 
of an inch larger the pins. All eye bars must be annealed. 

Compression members must have all butting ends planed 
smooth and exactly square to the center line of the member, 
and they must be assembled in the shop for the fitting of the 
splice plates and to assure perfect contact throughout. Such 
members must be entirely free from twists or bends and all 
work must be neatly finished and first-class in every respect. 
Pin holes must be bored of an inch larger than the pins, 
exactly perpendicular to a vertical plane passing through the 
center line of each member, when placed in a position similar 
to that which it should occupy in the finished structure. 

Pins must be turned straight and smooth and to exact 

size. 
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Castings: The cast bases required in the column must be 
planed smooth on top and to exact dimensions. All holes for the 
bolts connecting to the columns must be drilled also to the 
exact measurements given, and the holes in the other castings, 
both steel and iron, must be drilled when so marked. All sur¬ 
faces marked planed must be planed smooth and true for a per¬ 
fect bearing as designed. 

Rivets: Drifting that is liable to injure the material must 
not be allowed anywhere in erection. 

Shop rivets must be machine driven as far as possible. 

Rivet heads must be concentric with the necks of the rivets 
and all rivets when driven must completely fill the holes and be 
tight. 

Rivets will be used in erection wherever possible. 

All rivets must be uniformly heated. 

Holes that do not match sufficiently to admit the rivet 
without drifting, in assembling work in the shop, must be 
reamed. 

All riveting must be done to the satisfaction of the engi¬ 
neers. 

Erection: If beams are used in the construction of the 
foundations, the contractor for the structural iron must put 
them in position, both as to plan and as to height, using a sur¬ 
veyor's level for the purpose, but the grouting and covering of 
the beams will be done by the contractor for the masonry. 

The outside building lines will be given, but the contractor 
for the structural iron must determine and fix the interior lines, 
and each cast base must be set in its exact position, both as to 
alignment and to height, supported on -wooden wedges, before 
the bedding is run in. The center of each base must be true 
to the column center, as given on the plans, within of an 
inch, and its height must be adjusted exactly, using a surveyor's 
level and referring to a fixed bench mark. Each base 

must be bedded with a Portland cement grouting, by pouring 
the same through the center until all the spaces under and 
inside the base are filled. The cement must be of some 
imported brand which must be approved by the architect, and 
the sand must be clean and sharp and fine. The two must be 
mixed dry in equal quantities in a box—all that is required for 
one base at one mixing. Enough water must then be added 
to make the whole just flow under its own weight. The^ whole 
operation of mixing and setting: must be done as rapidly as 
possible. After the bases are set their heights will be inspected 
by the engineers, and if they are found to vary more than 
of an inch from the correct height they must be taken up and 
reset. 

The use of iron sledges in driving or hammering beams or 
columns or other structural iron will not be allowed where 


404 


COMPLETE SPECIFICATIONS. 


can be avoided. Wooden mauls must be used wherever their 
use is possible. Care.must also be exercised to prevent the 
material from falling or from being in any way subjected to 
heavy shocks. 

Especial care must be used to keep the columns plumb and 
in proper line during erection, and they must be plumbed to 
the satisfaction of the architects and engineers as often as may 
be desired. In case the columns are not kept plumb the entire 
work of erection shall stop at the written order of the architect 
to that effect, and the measures to be employed to remedy the 
defect must be approved by the architect before the erection 
proceeds.* 

The sections of columns, truss members, beams or girders 
must nowhere be cut without first obtaining the approval of the 
engineers. * 

Every failure of the material to come together properly 
must be noted and reported daily to the engineers. If any 
serious difficulty occurs during erection, it must be reported to 
the engineers before any unexpected measures are used to meet 
the difficulty. 

The plan or scheme for the erection of the trusses, and tl e 
material connected to the trusses must be submitted to the 
engineers, before the iron work is erected above the ground 
floor, for their approval. 

Pilot nuts must be used in entering all pins. 

After the truss members are put in position, before they 
are materially shadowed by temporary flooring or any other 
construction, and after all surfaces are thoroughly dried by the 
heat of the sun, they shall be protected by waterproof canvas, 
tarred paper, or other materials from further exposure to the 
weather. Such protection to continue until those parts of the 
building are under the cover of the other construction of the 
building. Such protection is desired to prevent water from 
lodging and remaining in the concealed parts of the work. Any 
inaccuracy in the matching of the holes in the column splices 
must be removed by reaming and not by drifting. 

Temporary timber bracing must be put in the building 
wherever required by the architect or the engineers. 

The entire work of erection must be done to the satisfac¬ 
tion of both the architects and the engineers. 

♦Probably the worst practice in the erection of architectural iron work is the very 
common use of shims in the joints between the successive column sections, thus con¬ 
centrating the loads on the opposite sides of the cross-section. The columns are 
usually kept plumb in this manner, but the practice is extremely vicious and should not 
be allowed. If the faces of the ends are properly planed or milled off, and the base 
plate is set exactly level, it will not be necessary to use shims. The greatest dilRculty 
is in setting the bed plate in a truly horizontal plane. The ordinary carpenter’s level is 
not sufficiently delicate for this purpose. These specifications are not explicit on these 
-points.— -Author. 
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175. Specifications for the Machinery and Track 
Construction of an Electric Railway. The following 
specifications for the machinery for an electric railway were 
prepared by Mr. B. J. Arnold, consulting- electrical engineer 
of Chicago, for the St. Charles Street Railroad Company, 
of New Orleans, in 1895. 

The specifications for track construction were prepared by 
Mr. Richard McCulloch, M. E., engineer of various street 
railroads in St. Louis. Both are thought to be the best of their 
kind, and are here added in the second edition of this work. 

176. Specifications for Engines. The General, 
engines that are purchased under these specifica¬ 
tions will be erected in complete running order on 
foundations furnished by the purchaser in the power 

house of the railroad company, located on the 
switch of a steam railroad at New Orleans, La. 

Propositions will be considered on each of the 
following sizes and types of engines: 

Proposition No. i. On three 250 horse power 
self-contained compound condensing tandem or 
cross engines. Each capable of delivering 250 
horse power to its generator, when running at a 
speed of 150 revolutions per minute at a piston 
speed of not less than 550 feet nor more than 700 
feet per minute, with an initial pressure of 125 
pounds per square inch in the steam chest of the 
high pressure cylinder. The valve motion of each 
engine to be capable of cutting off automatically 
from naught to three-quarter stroke. 

Each engine to be provided with a cast iron 
bed plate which shall cover the entire top of the 
foundations and have a projecting arm or extension 
of sufficient size to carry the electric generator 
which may be purchased to be direct-connected to 
the engine. 

The point of cut-off is not specified, but the 
contractor shall state in his proposition what 
economy in water consumption he will guarantee 
his engine to perform when working at the above 
initial steam pressure and exhausting into a vacuum 
of 12 pounds below atmosphere, in accordance with 
the conditions for a test hereinafter mentioned. 
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By horse power is meant actual power deliv¬ 
ered by engine to the generator, and not indicated 
horse power in the steam cylinders. 

Proposition No. 2. On three engines of the 
same.horse power, design, conditions and guaran¬ 
tees, but to run at 250 revolutions per minute. 

Profosition No. 3. On three engines of the 
same design, but built to deliver 200 horse power 
each to the generator at a speed of 1^0 revolutions 
per minute. Same conditions and guarantees as 
Proposition No. i. 

Proposition No. 4,, On three engines of 200 
horse power each to run at 250 revolutions per 
minute. Same design, conditions and guarantees 
as Proposition No. i. 

Proposition No. 5. On three 250 horse power 
compound condensing cross or Tandem or releasing 
valve type of engines, designed to run at a speed of 
100 revolutions per minute, to be direct connected 
to generators, which will be mounted on the engine 
shaft between out-board bearing and the fly-wheel. 
Same conditions and guarantees as Proposition No. i. 

Proposition No. 6. On three 250 horse power 
Corliss or releasing valve engines similar to those 
called for in Proposition No. 5, but to run at 80 
revolutions per minute. Same conditions and 
guarantees as Proposition No. i. 

Proposition No. 7. Three 200 horse power 
Corliss or releasing valve type of engines, similar 
to those called for in Proposition No. 5, but to run 
at 100 revolutions per minute. Same conditions 
and guarantees as Proposition No. i. 

Proposition^ No. 8: Three 200 horse power 
Corliss or releasing valve type of engine, similar to 
those called for in Proposition No. 5, but to run at 
80 revolutions per minute. Same conditions and 
guarantees as Proposition No. i. 

. Proposition No. g. On one 500 horse power 
Tandem compound condensing Corliss or releasing 
valve type of engine to run at a speed of So revolu¬ 
tions per minute, and one 250 horse power Tandem 
compound condensing Corliss or releasing valve 
type of engine to run at 80 revolutions per minute. 
Same conditions and guarantees as Proposition No. i. 

The 500 horse power is to be a center crank 
engine and so arranged as to carry a generator 
each side. 


on 
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The 250 horse power engine is to be a side 
crank engine and carries the generator on but one 
side. The frame, main working parts and low 
pressure cylinder of this engine shall be designed 
extra heavy so that high pressure steam can be 
admitted to the low pressure cylinder, so as to 
practically double the power of the engine in case 
of an emergency. Suitable pipe connections and 
an auxiliary throttle valve will be made to the live 
steam pipe by the Contractor. The receiver and all 
receiver connections will also be built strong enough 
to sustain the extra pressure. 

Proposition No, 10. On one 400 horse power 
Tandem compound condensing Corliss or releasing 
valve type of engine, designed to run at a speed of 
80 revolutions per minute, and one 200 horse power 
Tandem compound condensing Corliss or releasing 
valve of engine at 80 revolutions per minute. Same 
design of engine as called for in Proposition No. 9, 
and to fulfill the same guarantees as called for in 
Proposition No. i. 

Cross Compound Mngines, The bidders shall 
also submit figures on cross compound engines 
under Propositions Nos. i and 5. 

All engines furnished shall be provided with 
governing mechanisms which shall be capable of 
automatically varying the point of cut-off from 
naught to three-quarter stroke, as the load requires, 
and of controlling the speed within reasonable 
limits. The bidder shall state his guarantee on reg¬ 
ulation with the engines ranging from half load to 
full load, and from full, load to no load. 

All Corliss or releasing valve engines shall 
govern on both high and low pressure cylinders. 

All engines furnished will be provided with fly iP'hWheeift. 
wheels instead of belt or band wheels, and the 
specifications for each engine shall state the diame¬ 
ter and weight of the wheels which the Contractor 
proposes to furnish. It should be remembered by 
the bidder that these engines are designed for elec¬ 
tric railway work, and that the fly wheel should be 
proportioned for such work. 

The condensers and air pumps will be furnish- Condcnsen. 
ed by the Purchaser but in case the Corliss engines 
running not over 100 revolutions per minute are 
purchased, it may be desirable to drive the boiler 
feed, air and circulating pumps direct from a rock 
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shaft driven from the cranks or cross-heads of the 
engines, and the bidder will state how much addi¬ 
tional will be charged on Propositions 5, 6, 7, 8, 9 
and 10 for such addition. He will state in a gen¬ 
eral way how he proposes to build the pumps. 

He will also state how much additional will be 
charged on each proposition in case he furnishes an 
independent jet or surface condenser with each 
engine and all necessary pipe work to connect the 
condensers with the engines. The steam and water 
connections to be brought to the condensers by the 
Purchaser. 

^Devices afd Each engine will be provided with suitable oil 

Tools. ° cups or lubricating devices, and each steam cylinder 
provided with a sight feed cylinder lubricator and 
one hand pump. 

In case of side crank engines the cranks will be 
provided wuth a separate floor stand and return oil¬ 
ing tube to be the center of the crank pin. 

One complete set of brass oil cans and tray for 
the same shall be considered a part of each proposi¬ 
tion, together with all necessary wrenches, etc#, for 
properly taking care of the engines. 

Throttle Valve. Each engine will be provided with a throttle 
valve on the high pressure cylinder and have a 
flange fitted to the exhaust opening, threade<l to 
receive the proper sized exhaust pipe. 

Each engine will be provided with a coiii])!ete 
set of nickel plated gauges, having 12-inch dials, of 
the Ashcroft, Crosby or Schaffer & Budenhurg 
manufacture, or others equally as good, consisting 
of the following: 

One Steam Gauge. 

One Vacuum Gauge. 

One Compound Receiver Gauge. 

Safety Valve, Each receiver shall 1)6 provideti with iin auto¬ 
matic safety valve which will relieve the receiver of 
extra pressure. 

Indicator. Each proposition shall include one Ch'oshy, 

Tabor or Thompson steam engine indicator. 

The Contractor will furnish a complete set of 
foundation bolts with nuts and washers for e;uh 
engine. These bolts to be delivered at the power 
house site within thirty days from the date of the 
awarding of the contract. 

The engines to be tested as follows. First on 
a constant load at their rated capacity. Second, in 
actual practice on electric railroad work. 


Safety Valve, 


Foundation 

Bolts, 
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The Contractor in making his guarantee will 
base it upon the constant load basis when the engine 
18 delivering its full rated power, but he will also 
state what economy can be obtained from his engine 
when working on a variable load such as electric 
railroad work. 

In case it is found impracticable by the Engi¬ 
neer who conducts the test on the engines, to 
dfiteiiiQinc accurately the delivered power, it will 
be taken as 8 per cent less than the indicated horse 
power of the engines as shown by indicator dia¬ 
grams, on Tandem engines, and 11 per cent on cross 
compound engines, 

Xhe Contractor should submit detail specifilca- Spedfici 
tions with each proposition which shall state the 
dais of material and workmanship tliat will enter 
into the construction of the engine which he pro¬ 
poses to furnish under these specifications. 

The Contractor shall furnish to the Consulting 
Engineer of the Purchaser complete set of blue 
prints within two weeks from the date of the award- 
ing of the contract, of each engine, giving all 
necessary information regarding the engines, to 
enable him to properly lay out the foundations for 
same. 

All th^ machinery purchased under these spec- 
ificitions will be subject to the inspection and 
approval of the Purchaser. 

The above machinery will be paid for as fol- 

lows: 

One (juartcr cash on arrival of the machinery 
at the power house side track at New Orleans; one 
cjuarter ca.shon the successful starting of the engines, 
and the balance vvitidn 6o days from said date, pro¬ 
vided the re(}uiremcnts have been fulfilled and they 
have !)een accepted by the Purchaser, 

All engines furnished under these specifications Time Com, 
shall be erected in complete working order on ***®'*^*** 
fnundatif)ns furnished by the Purchaser, on or before 
the first day of July, 1895, and it is understood that 
ii. forfeiture of ^2^^^ per (lay as liquidated damages 
shall be deducted from the contract price for each 
and every day after said date that the engines are 
imable to operate succcs.HfuIIy, it lieing understood 
that the Contractor is not to lie delayed in erecting 
or starting the engines by the I'urch user. 

B. J, A. 
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In General. 


Sizes. 


Type. 


177. Specifications for Boilers. The 

boilers called for under these ^ specifications will 
be erected in complete working order on foun¬ 
dations furnished by the Purchaser in the power 
station building located on a steam railroad side 
track in New Orleans, La. 

Propositions will be considered on the follow¬ 
ing sizes: 

Proposition No, On three boilers capable 
of developing 250 horse power each 00 a basis of 
thirty pounds of water per horse power converted 
from ICO degrees Fahr. into steam at 70 pounds 
per square inch. 

Proposition No. 2. On three 200 horse power 
boilers. Same rating and conversion. 

All boilers furnished shall be of the horizontal 
water tube type. 

The shells shall be of first quality of low carbon 
steel of Otis or Shoenberg manufacture, or other 
equally as good, having a tensile strength of about 
60,000 pounds per square inch, and each sheet shall 
have the maker’s name stamped where it will be 
plainly visible. 

All tubes entering into the construction of the 
boilers shall be of first-class quality, and the bidder 
shall state what make of tubes he will use. 

The successful bidder will be rec|tnre<i to re¬ 
place all tubes that burn out within 90 days from 
the date of the starting of the boiler, provided it is 
shown that the boilers w'ere not forced beyond their 
capacity during the said 90 days. 

Each boiler will be provided with one Ashcroft, 
Crosby, or Schaffer & Budenberg nickel plated 
steam gauge or other equally as good, which shall 
have a dial not less than 12 inches in diameter. 

One Water Column complete with three gauge 
cocks and glass water gauge. 

The Water Column shall have a <|uick opening 
valve in each pipe leading to it so as to slmf the 
steam or water off quickly in case of an accident. 

Each boiler shall also be provided with an 
Ashcroft or other standard pop safety stc^p valve, 
and to be provided, if possible, with some form of 
strainer or purifier where the feed water enters the 
boilers. 

Each set of boilers called for in tlie above 
propositions shall be furnished with one complete 
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set of firing irons and flue blower or cleaner. As¬ 
bestos seated blow-off cocks and all other valves 
vvhich usually accompany boilers, with the excep¬ 
tion of steam and feed water connections, will be 

furnished by the Contractor, 

All boilers shall be provided with at least 11 U Heatinf 
square feet of heating surface per horse power. Surfac®, 

^ In case the boilers are so designed as to be set 
m batteries of three, and be easily accessible for 
cleaning, they will be set in brick work close to¬ 
gether with wnll on the outside provided with air 
space and with fire brick walls between the boilers. 

In case, however, there are side doors on the boil- 
ers, the settings will be so arranged that two of the 
boilers will be set in one battery and the third one 
set by itself, but so provided that a fourth boiler 
can be added in the future without having to change 
the present setting. 

AH outside walls shall be of red pressed brick. 

The boiler settings shall be lined throughout 
with good quality of fire brick extending the entire 
length of the boiler. 

The bridge wall will also be lined with firb 
brick. 

I he Contractor will state how much additional 
will be charged for each boiler in case a mechanical 
stoker or Hawley Down-Draft Furnace is adopted,. 

He will name the make of stoker which he proposes 
to furnish. 

The boilers shall be designed to carry a work- .Strum 
ing pressure of 140 pounds and shall be tested to 

250 hydrostatic pressure. 

Each proposition will be accompanied by com- 
plete detail specifications giving the sizes of the 
principal parts of the boilers, tlie grate surface and 
the number of s(|uare feet of heating surface of 
each boiler. 

Specifications will also state the quality of ma¬ 
terial and workmanship that will be furnished and 
give a detail statement of the attachments that will 
go with each boiler. 

1 he above boilers will be subject to the insriec- 
tion and approval of the Purchaser. 

All of the material called for will he erected 'rime, 
complete working order at New Orleans, La.’, on 
or before the first day of July, ,895. It is under¬ 
stood that a forfeiture of $25 per day as liqui- 
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dated damages will be deducted from the contract 
price for each and every day after said date that 
the Purchaser is unable to successfully operate his 
plant through the boilers not being ready to run, it 
being understood that the Contractor will not be 
delayed by the Purchaser. 

Fayment, Payments to be made as follows: One quarter 

cash on delivery of boilers at the power house of 
the Purchaser; one quarter upon the successful 
starting of the plant and the balance within 6o days 
from the date of successful starting, provided the 
boilers have been accepted by the Purchaseri 

B. J. A. 

u General. 178. Speciflcatioiis for Condensers 
and Pumps. All the machinery furnished under 
® these specifications will be delivered F. O. B., cars 

at the Power House of the Railroad Company in 
New Orleans, La., on or before the first day of 
June, 1895. 

siaea. Proposals will be received on the following 

sized condensers: 

Proposal No, /. On one Independent steam 
driven jet or surface condenser, which shall be 
capable of condensing the steam from 750 horse 
power of engines. Said engines to be com¬ 
pound and to receive steam at 125 pounds initial 
pressure on the high pressure cylinder, and consume 
18 pounds of water per horse power per hour. The 
condenser to be capable of maintaining a vacuum of 
27” for 18 hours continuously when working at the 
above capacity and receiving the circulating or 
injection water at a temperature of sixty degrees 
Fahr. with pumps running at a piston speed not 
exceeding sixty feet per minute. 

Proposal No, 2, On three jet or surface con¬ 
densers having a capacity of 250 horse power 
each, same design, conditions and guarantees as 
Proposition No. i. 

Proposal No, j. On one 500 horse power 
jet or surface condenser and one 250 horse power 
jet or surface condenser, same guarantees, condi¬ 
tions, etc., as Proposal No. i. 

Proposal No, 4, On one jet or surface con¬ 
denser having a capacity of 600 horse power. Same 
conditions and guarantees as Proposal No. i. 

Proposal No, 5. On one jet or surface con¬ 
denser having a capacity of 400 horse power 
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and one of zoo horse power. Same conditions and 
guarantees as Proposal No. i. 

Proposal No. 6 . On three jet or surface con¬ 
densers having a capacity of zoo horse power each. 

Same conditions and guarantees as Proposal No. i. 

Propositions will also be received on the fol- 
lowing sized Independent steam driven feed pumps. 

On two outside packed, single acting, brass 
plunger boiler feed pumps having a capacity suffi¬ 
cient to deliver 20 gallons of water per minute 
when supplied with steam-under 125 pounds pres¬ 
sure, and delivering water against the same pressure, 
and running at a piston speed not exceeding 60 feet 
per minute. 

The Contractor will also submit propositions 
on Duplex pumps. 

Dach bidder will submit with his proposition Speci*c»tion«. 
complete specifications giving in detail the special 
construction of his machine and in case of surface 
condensers will state the number of square feet of 
cooling surface which will be furnished. He will 
also state the diameter and stroke of the air and 
circulating punnps and steam cylinders. Brass or 
composition piston ' rods must be furnished for 
the steam and water ends of both the condensers 
and boiler feed pumps. 

The above machinery will be subject to the Inspection nrxl 
inspection and approval of the Purchaser or his duly 
authorized representative. B. J. A. 

179. Specifications for Economizers. ®«ntrm 

The Economizers furnished under these .specifica¬ 
tions will be erected in complete running order in 
brick work furnished by the Contractor, on founds- 
tions furnished by the Purchaser in the power 
house of the railroad company at New Orleans, 

La., on or before the first day of June, 1895. A 
side track from a steam railroad will extend to the 
Power House. 

I he Iscononiizer will be of 500 horse power orfiemi 
and placed in a passag'c way leatlinj** froon 
the boilers to the smokestack and will consist of 
vertical pist iron tubes, arraug’tul in such a manner 
that ^tiieii ends can be removed so as to make the 
inteiior of tiic tubes easily accessible for cleaning’, 
tach tube shall have some form of mechanical 
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Work, 


Guarantee. 


Teat. 


the full length of the tube to 

- the series of scrapers shall be 

j one electric motor or independent 
„me which shall be furnished by the Con- 

xhe Contractor shall give the length, outside 
and inside diameters, of the tubes and the number 
which he proposes to furnish. He will also give 
the method of casting the pipes, making of joints, 
and general specifications describing the machine. 
No tubes will be used which are not cast on end 
and made of thoroughly first-class quality of fine 
grey cast iron. 

He will state the number of valves and kind 
which he proposes to furnish with his Economizer. 
Nothing but bronze seated gate valves shall be used 
in the steam or water pipes leading to and from the 
Economizer. 

The Purchaser will furnish all pipe work lead¬ 
ing to the outlet and inlet of the Economizer, but 
the Contractor will furnish all other valves and 
additional piping required. 

The Contractor will state what fuel economy he 
will guarantee to save over an ordinary boiler set¬ 
ting which has no Economizer, provided the tem¬ 
perature of the gases delivered to the Economizer 
are as follows: 

First. With gases at 450 degrees Fahr. 

Second. With gases at 550 degrees Fahr. 

Third. What temperature the Economizer 
will deliver water to the boiler when receiving 
water at 110 degrees Fahr. with the gases entering 
the Economizer at 450 degrees Fahr. 

Fourth. With gases entering the Economizer 
at 550 degrees Fahr. 

All tubes furnished shall be tested to an hy¬ 
draulic pressure of 350 pounds per square inch 
before being shipped from the Company’s works, 
and after the Economizer has been put in opera¬ 
tion it will be tested by the Purchaser’s Engineer to 
ascertain whether or not it complies with these 
specifications. 

All material that proves defective within thirty 
days from the date of the successful starting of the 
machine, shall be replaced by the Contractor with¬ 
out expense to the Purchaser. 
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The Contractor shall guarantee to protect the 
Purchaser from suits for infringements of patents. 

All material furnished under these specifica- and 

tions shall be subject to the inspection and approval 
of the Purchaser. 

B. J. A. 

180 . Specifications for Electric Gener- In G«nerii» 
ators. The machines that will be purchased under 
these specifications will be erected in complete run¬ 
ning order on foundations furnished by the Purchaser, 
in the Power House of the St. Charles Street Rail¬ 
road Company, located on a sfde track of a steam 
railroad in New Orleans, La. The exact location of 
the power house not yet being determined it is im¬ 
practicable to designate the road on which the track 
will be located. 

Propositions will be considered on each of the 
following sizes and types of generators: 

Proposition No, x. On three zoo kilowatts 
direct-connected multipolar railway generators, de¬ 
signed to give an electrical output of 400 amperes at 
500 volts when running at a speed of 150 revolu¬ 
tions per minute. 

These generators will operate at a potential 
vaiying from 500 to 550 volts, but the kilowatt 
rating shall be based on a potential of 500 volts. 

_ Each generator shall be provided with suitable 
projecting lugs for attaching to the cast-iron base of 
the engine to which it will be direct-connected. 

Means must be provided for slipping the field 
pieces off the armature side-wise, or by separating 
the fields in a vertical plane in halves and sliding 
theni away from the armature, or by separating 
the fields on a horizontal plane so the top piece can 
be lifted off an<l suitable removable lilocks put be- 
twetui the lower field piece and the engine bed or 
foundations so that by removing these blocks the 
tield^ casting can be lowered sufficiently to allow 
the field coils to he slijiped off. 

No hearings will he furnished with the gener¬ 
ator, as the armature will be carried directly on the 
engine shaft, 'i'he bore of the armature iml> will 
be given by the Purchaser. 'I'lie generators, how¬ 
ever, should liave their own brush 8up|Jorting de¬ 
vices which should be attached to the fields of the 
machine so as to make it unnecessary to attach the 
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Efficiency. 


Heating. 


brush holder brackets to the engine castings. In 
case the latter is necessary, however, the expense 
for such attachment will be borne by the Contractor, 

Fro;position No, 2, On three generators of 
the same design as called for in proposition No. i, 
but to run at 250 revolutions per minute. 

Proposition No. 3. On three 200 kilowatt 
generators of the same design as called for in Prop¬ 
osition No. I, but to run at a speed of 100 revolu¬ 
tions per minute. 

Proposition No. 4. On three 200 kilowatt 
generators to run at a speed of 80 revolutions per 
minute. Same design and conditions as Proposi¬ 
tion No. I. 

Proposition No. jf. On three generators of 
the same design, but to have a capacity of 150 kil¬ 
owatts, and to run at a speed of 150 revolutions per 
minute. 

Proposition No. 6. On three generators of 
150 kilowatt capacity each, to run at a speed of 250 
revolutions per minute. 

Proposition No. 7. On three 150 kilowatt 
generators similar to those called for under Propo¬ 
sition No. I, but to run at 100 revolutions per min¬ 
ute. 

Proposition No. 8. On three 150 Kilowatt 
generators similar to those called for under Propo¬ 
sition No. I, but to run at 80 revolutions per min¬ 
ute. 

The Contractor shall state in each proposition 
the efficiency his generators will give, and it must be 
in the form of a guarantee. 

By efficiency is meant the result that is obtained 
by dividing the total energy in kilowatts delivered 
on the switchboard of the station by the mechanical 
horse power delivered to the armature of the gen¬ 
erator, due allowance being made for the loss in 
the mains leading from the generator brushes to the 
switchboard. The power delivered to the armature 
shall be taken as the indicated horse power in the 
cylinders of the engine, as measured by the engine 
indicator, less the indicated power required to drive 
the engine and generator running light or with no 
load. 

The generators shall be capable of giving their 
full capacity for a period of 18 hours in continuous 
operation without serious sparking at the brushes, 
and without raising the temperature of the arm a- 
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tiire or field coils more than 72 degrees Fahr. above 
the surrounding atmosphere. 

The machine shall be self-exciting and shall 
maintain a practically constant voltage with the load 
varying from half to full load when driven at a uni¬ 
form speed. They shall be able to run in multi¬ 
ple with each other and divide the load proportion¬ 
ately among them without it being necessary for 
the attendant to adjust regulating devices. 

With each generator shall be furnished: Smtion Kqt 

One Main Switch of suitable capacity for the ******* 
machine. 

One Automatic Circuit Breaker. 

One Lightning Arrester. 

One Weston Illuminated Dial Ammeter read- 
ing to 500. 

One Field Rheostat. 

One Four Point Potential Switch. 

And with each complete proposition the fol¬ 
lowing: 

One Weston Volt Meter reading fromo to 650 
volts. 

One Weston Illuminated Dial shunted station 
or bus ammeter reading to 2,000 amperes. 

Seven feeder panels, each one to have the fol¬ 
lowing instruments upon it: 

One Maine Switch to carry 250 amperes. 

One Weston Illuminated Dial Ammeter read¬ 
ing 250 amperes. 

One Automatic Circuit Breaker, suitable for 
panel, and such minor details as go to complete 
the system of the Contractor. 

All to be mounted upon marbleized slate pan¬ 
els of suitable sisse to build into a switchboard. No 
wood or other combustible material can be used in 
the construction of these instruments. 

Carbon brushes are preferred, and when car- 
bon brushes are used brush holders shall l>e so de¬ 
signed as to clamp the carbon brush securely and 
have a practically solid connection to Innding j)ost 
from which the flexible cables lead to switchboard. 

The object being to prevent heating of the l)ruslie8 
and the electrical loss common to some machines 
faulty in this respect. Should the type of genera¬ 
tor bid upon be such as to necessitate copper brushes 
the builder of said machine will state fully how such 
l»rushes are made and secured. 
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Templates. Contractor shall furnish the engine builder, 

free of cost to the Purchaser, a template for each 
machine, giving the bore of the armature hub and 
key-seating for same. 

The Contractor shall furnish a thoroughly 
competent expert to superintend the erection of the 
generators, v^ho shall remain in charge of the gen¬ 
erators for thirty days after they have started. He 
shall give all necessary information to such men as 
may be designated by the Purchaser, to enable them 
to properly operate the generators during the said 
thirty day period. 

Labor. Contractor will furnish all necessary labor and 

material for erecting the generators complete ready 
to operate, and for connecting the generators with 
the switchboard. 

’Approval above machinery will be subject to the in- 

spection of the Purchaser, who shall have the au¬ 
thority to decide whether or not the machinery 
conforms to these specifications. 

accurate test will be made when the gener¬ 
ators are in proper condition to work and it is in¬ 
tended that the guarantee made by the Contractor 
will be fulfilled. 


Payments. 


Time. 


Specifications. 


Payments will be made as follows: One quar¬ 
ter cash on arival of machinery at the power station 
site at New Orleans; one quarter on the successful 
starting’ of the plant and the balance within sixty 
days thereafter, provided the generators have been 
approved and accepted by the Purchaser. It is under¬ 
stood of course that the Contractor will not be de¬ 
layed in starting his machines by the Purchaser. 

The above material to be delivered in running 
order on or before the first day of July, 1895, and 
it is understood that the Contractor will forfeit $25 
per day as liquidated damages for each and every 
day after the above date that his work remains in¬ 
complete. 

Each bidder will submit a detailed .specifica¬ 
tion of the machines which he proposes to furnish. 
It IS the intention of the writer of these specifica¬ 
tions to draw them broad enough to permit any 
manufacturer of first-class machinery to bid upon 
the generators, but if any one is prohibited from 
bidding by any clause in the specifications, they may 
submit a proposition pointing out the prohibitive 
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clause, and their bid, if the machinery is of fii'st- 
class construction, will be considered. It is under¬ 
stood, however, that the speed here given can not 
be varied from to any great extent. 

B. J. A. 

181. Specifications for Electric Mo- 
tors. The motors that will be purchased under 
these specifications will be delivered by the Con¬ 
tractor at the factory of the car builder, which will 
be located in the vicinity of Philadelphia, New 
York, Cleveland or St. Louis. The cars may be 
manufactured at some other point than the ones 
mentioned, but the Contractor will deliver the 
motors as above specified, provided the cars are 
built within one hundred miles of one of the above 
points. 

Propositions will be considered on the follow- 

ing: 

PTo^osztioTi /• On volt constant 

potential single reduction electric motors having a 
rated capacity of 25 horse power each, and capable 
of exerting a horizontal drawbar pull of 1,170 
pounds, when running at a speed of eight miles 
per hour, or a drawbar pull of 625 pounds when 
running at a speed of fifteen miles per hour. 

The average speed of the motors will be 
between eight and ten miles per hour and the max¬ 
imum speed about fifteen miles per hour. 

Proposition JVo. 2. On 40-500 volt constant 
potential single reduction electric "motors having a 
rated capacity of 30 horse power each, and capable 
of exerting a horizontal drawbar pull of 1,400 
pounds when running at a speed of eight miles per 
hour, or 750 pounds when running at a speed of 
fifteen miles per hour. 

4 he Contractor shall state what current will be 
required by the motors at a potential of 500 volts 
when developing the power indicated above, on a 
straight, level a»id clean track. 

Each motor furnished shall be of the latest f»* Mmosr. 
form and design of water-proof motor built by the 
manufacturer. 

All gearing used in connection with the motors 
and car axle shall be cut gears. The pinion on the 
armature to be made of steel and the gear attached 
to the car axle shall be made of such material as 
the Contractor sees fit to recommend. 
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Auxiliaries. 


Labor. 


Keating and 
Sparking. 


Monntinf. 


Each motor will be mounted upon a single 
car, making a total of forty cars to be equipped 
with one motor each, and with each motor shall be 
furnished a complete set of gears for attaching to 
the car axle. Two controlling stands with suitable 
rheostats, blow-out devices and other automatic 
attachments for successful working. One trolley 
with iron pole and bronze wheel with plumbago 
bearings. The trolley pole to be provided with 
suitable base and springs for attaching to the car 
top. One lightning arrester, one fuse block, two 
overhead switches for making and breaking the cir¬ 
cuit, and all necessary wiring in the car body, and 
underneath the seats to suitably connect the con¬ 
troller, rheostat and motor for successful operation, 
and such other special devices as may be necessary 
to conform to the standard system of the bidder. 

The Contractor will furnish all necessary labor 
to mount the motors on the car axles at the works 
of the car manufacturer. Do all the car wiring 
(except for lights) necessary to connect the motors 
to the controllers and rheostats and otherwise 
equip the car for successful operation. 

The motors shall be capable of performing the 
work required of them, as given in these specifica¬ 
tions in ordinary service, for a period of i8 hours 
in continuous operation without raising the temper¬ 
ature of the armatures or the field coils to more than 
75 degrees Fahr. above the surrounding atmosphere, 
and shall do their work without excessive sparking 
at the commutator brushes. 

The type of motor considered as standard in 
these specifications is a single reduction motor 
geared direct to the car axle, and when this class of 
motor is used it shall be suspended upon some 
flexible connection which will relieve the car axle 
of as much weight as possible, and the Contractor 
will state in his^ proposition, so far as practical, the 
method or special design which he proposes to use 
in mounting the motors. 

In case the manufacturer should furnish single 
motor geared to both axles under these specifica¬ 
tions, the bidder shall state fully the method which 
will be used in^ mounting and supporting the 
motors. 

The car bodies and trucks will be furnished by 
the Purchaser but the motors are expected to handle 


Cars and 
Truck*. 
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an i8 foot closed car body when fully loaded, and 
to pull the trailer when necessary on a level track 
around ordinary curves. 

The bidder will state the number of revolutions Speed of 

per minute that his armature will run when driving 
a Mr mounted on 33 in. wheel at a speed of eight 
miles per hour. 

The 33 in. wheels will be used throughout and 'Wheeu. 
the motors and gearing are so proportioned as 
to exert their rated capacity with this diameter of 
wheel. 

The Contractor will state the diameter of the windiot. 
wire used in the armature and whether or not the 
armature is wound with one or more windings 
through each slot, and if two or more wires are used 
in such slot, whether or not they are connected in 
multiple on the commutator strips. He will also 
give the diameter of the wire used on the field coils. 

The Contractor yvill deliver these motors to the 
car manufacturer within ninety days from the date 
of the awarding of the contract, and the motors will 
be shipped from the factory of the car builder to 
New Orleans by the car manufacturer, and hauled 
to the car barn or placed therein by the Purchaser, 
where suitable pits vyill be provided for cleaning 
and repairing the motors. 

When the Contractor has received notice from 
the Purchaser that he is ready to open the road for 
traffic he (the Contractor) shall send a thoroughly 
competent expert or electrical engineer to New 
Orleans to superintend the starting and operation of 
the motors and give instructions to the employees of 
the railroad company for a period of thirty days 
which shall be known as the trial period. All 
expenses and salary of said expert to be borne by 
the Contractor. 

As soon as the road is ready for operation the 
Purchaser will open it for traffic and operate the 
cars thereon for a ])eriod of thirty days to <letermine 
whether or not the motors will do the work 
required of them successfully and comply with 
these specifications. During this period the Pur¬ 
chaser will furnish all necessary emifioyees and 
power for operating the cars. .Said empiovees to 
operate the motors in accordance with instructions 
of tlie Contractor’s expert. It being understood, 
however, that the motors must make the speed and 
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do ■ the work called for under these specifictlloni 
during the said thirty days. All parts of the imotors 
that burn out, break, or otherwise prove defective 
aside from ordinary wear and tear, during the said 
thirty days, shall be replaced by the Contractor free 
of cost to the Purchaser. 

Inspection end The machinery purchased under these specifi- 

Approval. subject to the inspection and 

• approval of the Purchaser. 

Specifications. jt jg the intention of the writer of these specifi¬ 
cations to have them sufficiently broad to allow all 
manufacturers of first-class machinery to bid under 
them and if anything in them seems to be prohibi¬ 
tive the bidder will submit his proposition pointing 
out wherein he can not conform to the specifica¬ 
tions. He will also submit detailed tpecifications 
giving a list of material which he proposes to 
furnish. The intention of these specifications being 
only to definitely state the work tliiit the motors will 
be required to do. B. J. A. 

, 182. Speoificatloxis for the Eecon- 

spec cat on. ^ B.OTBB Eallwav Track to be 

Used as an Electric Eailway in a City. The 
work consists in removing the existing track of the 

* * * Company in the city of * • • iind 

replacing it with the track described in the follow- 
ing specifications. The track is * * * feet 

long and will contain • ♦ • plain curves, 

♦ ^ branches off curves, • • » electric 

railroad crossings and • • • sleiiin railroad 

crossings. The Contractor w*ill also !?e re«|uired to 
lay the tracks in the car-she<l and the special work 
connecting the car-shed tracks with the tracks in the 
street. He will also furnish and erect the poles, 
span wires, trolley wire and feeder wire m herein 
described. 

All rails, stringers, and ties taken out of the 
old track shall belong to the Railroad Company 
and shall be delivered by the Ckmtractar cither at 
the llailroad Company's yards, or forwardcai on 
board cars to the order of the ICiilroad Company 
as tlie engineer may elect. 

All work not enumerated in these spccilicaitiuns 
necessary for the construction of a tirst-class fiack 
and line shall be performed by the ikmtractor. All 
work shall be done'under the supervihion and to the 
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satisfaction of the Engineer of the Railroad Com¬ 
pany, and instructions as to details given by the 
Engineer or his representative shall be fully carried 
out. No bills for extra work will be paid except 
for extra work done by the written order of the 
Engineer. 

The Contractor shall agree to protect the Rail¬ 
road Company from the beginning of the construc¬ 
tion until the road is accepted by the officers of the 
Railroad Company from all loss of material by theft 
and from all damage suits and claims arising from 
personal injuries or property losses sustained in the 
construction of the road. The Contractor shall 
also agree to assume the liability in any suit for 
infringement of patent, arising out of the material 
used in the construction of the road or out of the 
use of any patented process. 

The railroad company will secure the necessary 
permits from the municipality and will make the 
n^essary crossing arrangements with the roads 
which it intersects. The Contractor, however, 
must perform all work in accordance with city 
regulations, and shall carry out any instructions given 
by the city authorities. 

Where it is not herein specified that the mate¬ 
rial manufactured by a certain company shall be 
furnished, the Contractor shall name in his bid the 
manufacturer of the material which he proposes to 
furnish and wherever possible shall submit samples. 

The following drawings may be seen at the 
office of the Engineer, (i) General map of route, 
showing location of track and proposed location of 
poles. (2) Detail drawings of crossings, special 
work, and car-shed tracks. (3) Drawing showing 
the l^gth, route, and tapping-in points of feeders. 

^ The rails shall be standard ^i^irder rails, seven 
inches in height, weighing not less than eighty 
pounds per yard. These rails shall be delivered in 
lengths of not less than fifty-five feet. The ties 
shall be of white oak, sawed six by eight inches in 
section and eight feet long. Brace tie-plates, fitting 
and supporting the head of the rail, shall be used! 
u *’*' '^■*‘**"'''elde<l, but the Contractor 

shall supply enough fish plates foi use on the rails 
temporarily as herein described. The trolley wire 
shall be No. 00 hard drtiwn copper and the span 
wire No. 4 soft iron wire covered with weatherproof 
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Road-bed. 


Ties. 


Track-work, 


Joints. 




COMPLETE SPEOIPIOATIONS. 


insulation. The guy wire shall he No. 6 iron wire 
covered with the same insulation. The span w^e 
shall have a tensile strength of 2,500 pounds and the 
guy wire a tensile strength of i,8oo pounds. 

The poles shall be thirty feet long and shall be 
made of steel tubing. Those which are used to sup¬ 
port curves and terminals shall be inade of eight 
inch, seven inch, and six inch pipe and shall weigh 
not less than eight hundred pounds. Poles used 
only for supporting span wires shall be made of six 
inch, five inch and four inch pipe and shall not 
weigh less than five hundred pounds. Poles which 
carry feed wires shall be made of seven inch, six 
inch and five inch pipe and shall weigh not less than 
six hundred and fifty pounds. All poles shall be 
provided with caps and rings to cover the joints. 

All of the material used in the construction of 
the road not herein enumerated shall be of standard 
design and subject to the approval of the engineer. 

For double track an excavation i8 feet wide 
and 18 inches deep shall be made, and for single 
track an excavation 9 feet wide and 18 inches deep. 
Into this shall be placed 4 inches of crushed rock 
or gravel and. rolled until solid. Clean rock which 
has been excavated from the street may be used for 


this purpose. . 

The ties shall be spaced 24 inches between 
centers. A tie shall be placed underneath each 

rails shall be laid 4 feet and 10 inches be¬ 
tween gauge lines. VV^here there is double track, the 
distance between the gauge lines of the inside rails 
shall be 5 feet and 4 inches. Brace tie plates shall 
be placed under the rail at each tie and care taken 
that the brace is firmly against the rail before spik¬ 
ing. The ties shall be securely tamped with 
crushed rock or gravel until the top of the rail is at 
the established grade of the street and the track 
carefully lined and surfaced. Both rails shall be 
laid level by means of a straight-edge and a level. 
For lining and surfacing, the rails shall be tempo¬ 
rarily connected by fish plates. 

The cast-welded joint shall be used. The joint 
shall be 14 inches long and the casting shall weigh 
not less than 120 pounds. The iron used for this 
purpose shall be soft, gfey pig. No scrap shall be 
used. Immediately before casting the joints, the 
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rail-ends, 7 inches back of the joint, shall be thor¬ 
oughly cleaned by emery wheels, sand blast, or 
some other mechanical process. Care must be 
taken that the rail ends are in contact and perfectlv 
in line before the joint is cast. Means must be 
provided for holding the rail in position while the 
pint IS cooling. If there are slight irregularities in 
the rail surface after the joint is cast, they may be 
removed by filing the top of the rail, but the Engi¬ 
neer shall have the right to reject any joint which is 
not in line or which is higher or lower than the rail. 

Joints so rejected shall be removed by sawing the 
rail 4 feet on each side of the defective joint. A. 
piece of new rail 8 feet long shall be inserted in 
this opening and new joints cast on each end of it 
as described above. The Contractor shall guaran¬ 
tee all cast-welded joints for one year and shall 
repair, free of charge, any which break in this time. 

In repairing broken joints, if the opening does not 
exceed i inch, the old joint may be chipped off a 
section of rail fitting the opening inserted, and a 
new pint cast around it, the same precautions as to 
cleaning and preparing the joint being followed as 
outlined above. If the opening exceeds i inch the 
pint must be cut out, a piece of rail 8 feet long 
inserted and new joints cast upon each end of it 
All joints shall be cast-welded except those in 
the special work and crossings, and those joints 
connecting the special work and crossings with the 
straight track. These joints shall be supplied with 
six-hole fish plates fitting the section of rail which 
IS used. 

. I he special work shall be made of a section of Special woik 
rail which will connect with the rail used on the 
straight-track without the use of combination fish 
plates. Easement curves as indicated on the draw¬ 
ings shall be used at the ends of all curves where 
the radius is less than 150 feet. Curves of less 
radius than 150 feet shall have both rails grooved- 
those varying in radii from 150 to 400 feet shall 
have the inside rail grooved; and those of greater 
radii than 400 feet may be sprung from the rail 
used on the straight track. Switches, mates, frogs, 
and crossings shall be provided with hardened steel 
plates set into the castings to take the wear. The 
special work shall be laid according to the meas- 
usements given on the drawings and shall be made 
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to line in neatly with the straight track. Wherever 
necessary the Contractar shall furnish special ties, 
long enough to support the special work. In lay- 
ing special work, the directions as given above 
shall be carried out, except that in laying curves of 
less than 150 feet radius, the outside rail shall be 
laid inch higher than the inside rail. 

The Contractor will not be required to bond 
the cast-welded joints. All joints not cast-welded 
shall be bonded with a four naught bond of the 
* * * type. At crossings and special work, 

each straight rail shall be connected to the corre¬ 
sponding straight rail on the other side by means of 
an insulated copper cable of 500,000 c. m. cross- 
section. The connection between the cable and 
the rail shall be made by means of a copper termi¬ 
nal, shown on the feeder drawing. The place on 
the rail where this terminal connects shall be amal¬ 
gamated and the surface of the terminal shall be 
amalgamated and coated with an amalgam. 

PftTtaig. The paving shall follow the welding of the 

joints as closely as possible. The road-bed up to 
the tops of the ties shall be filled with crushed 
macadam, rammed in place. The space between 
the tracks of a double track shall be paved with 
the same material as the street outside the tracks. 
The space between the rails of the track shall be 
paved with granite blocks, six inches deep, laid on a 
bed of sand. The space outside of the rails shall 
be paved with the same material as the rest of the 
street. In all cases the city regulations in regard to 
street paving shall be fully carried out and the work 
shall be done to the satisfaction of the city authori¬ 
ties. Paving which has been removed for the re¬ 
construction of the track may be replaced by the 
Contractor, if approved by the Engineer. All old 
paving material not used shall belong to the Con¬ 
tractor and shall be removed by him. Immediately 
after the paving is finished the Contractor shall 
remove all dirt from the street and leave it in a neat 
condition. 

Street to be During the building of the road, the Contractor 

Kept Open. expense, put in temporary wagon 

crossings made of ties whenever required by the 
city authorities. He shall, as far as possible, keep 
the street open for traffic and shall supply the 
necessary signal lamps and watchmen. 
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OVERHEAD CONSTRUCTION, 

Poles supporting the straight line shall be set 
in a hole 6 feet 6 inches deep and i8 inches in 
diarneter. Poles supporting curves shall be set in 
a hole 6 feet 6 inches deep and 24 inches in diam¬ 
eter. The space around the poles shall be filled 
with concrete, composed of i part of cement, 2 
parts of sand, and 4 parts of crushed rock. In set- 
polfis, the top of the pole shall be given a rake 
of S inches from the vertical. City regulations in 
reprd to setting poles shall be strictly complied 
with. 1 . he sidewalk at the base of the pole must 
DC restored to its original condition. Before erec- 
tion, poles and cross-arms shall receive one coat of 
asphalt paint and after erection shall receive 
another. 

The trolley wire shall be placed as nearly as LtiwWork. 
possible over the center of the track and shall not 
be less than i8 or more thmi 20 feet Rbovc the rRil. 

The trolley vvire shall be anchored at all curves and 
crossings. The hangers, strain insulators, feeder 
yokes, and all other overhead appliances shall be of 
the manufacture of • • * . The connection 
between the span wire and the pole shall be through 
a strain insulator. Strain insulators shall be placed 
m all guy wires and puII-off wires. All joints in 
the trolley wire shall be niidc Rt suipensfons by 

means of splicing ears. No splicing sleeves shall 

be used. 

7 'he trolley wire over curves mmt be so located c«nr»i, 
that the trolley wheel rounds the curve without 
leaving the wire. l*uIl-offs must be located as 
designated by the Kngineer. Where necessary, the 
Contractor .shall furnish switches and crossings to 
be located in the trolley vvire at turn-outa. 

At crossings with (jther roads, where their con- CrowinK^ 
sent can be obtained, live crossings will be installed, 
and cut-outs placed in the trolley wire. Where 
this consent can not be f>Iitaincd, the Contractor 
will install insulated crossings of a design to be an- 
proved by the hhigineer. * 

I...*ig}itning arrestern .shall he located along the 
track, two to each mile. I'hey shall be of the manu. ^**^**” 
facture ot * • ♦ and the Engineer shall designate 
their exact location and the manner in which they 
shall be connotic^l with the trolley and feeder wire®, 
and the manner in which they shall be grounded* 
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Section Section insulatofs of the manufacture of * * * 

gijall be placed in the trolley wire in the positions 
shown on the map of the route of the road. 

Feeden. Feeders shall be furnished according to the 

drawing. The cross-arms shall be of iron and of 
an ornamental design. They shall receive one coat 
of paint before erection and another after erection. 
The pins for the straight line shall he of locust, and 
those supporting feed wire on curves shall be made 
of steel. The insulators shall have recesses in the 
top for the support of the feed wire and sludl be of 
the manufacture of * * *. Feed wire.s sh-all bo 

pulled up neatly and shall be protected from abra¬ 
sion by trees or other poles. Each feeder shall he 
drawn into the power house and left long enough to 
connect with its proper switch on the feeder board. 
The Contractor, however, will not be recpiired to 
make this connection. The Contractor shall also 
furnish and install the cables for groumi feeilert, in 
the location shown on the feeder drawing. 'Fhe 
connection between the ground feeder ant! the rail 
shall be made by means of a brass terminal, the 
dimensions of which are shown on the feeder tiraw- 
ing. The surface of the brass terminiil shall be 
amalgamated and the terminal shall be lioltetl to an 
amalgamated area on the rail. The Contractor 
shall leave the ends of ground feeders long enough 
to connect with the switchhoarti, but he will not 
be required to make this connection. 'Fhe feeder 
line shall be guyed where necessary as the Engineer 
may direct. 

K. McC. 

Speciflcatlona for the 
Track and Overhead Construction for an 
Electric Railway in a Country Town. This 
work consists of the laying of • • • feet of sin- 
' gle track, containing • • • curves • • • 
terminals, and • • diamoiul turn-outs in the 

city of * * • . It also itieludes the laving of 

the tracks and special work in the car-shed and the 
erection of the poles, span wires, trolley wires and 
feeders. 

All work shall be done under the supervision 
and to the satisfaction of the engineer of the railioad 
company. Instructions as to iletails given by the 
engineer or his repregentalive shall be fully carried 
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out. No bills for extra work will be allowed except 
for extra work done by the written order of the Engi¬ 
neer. 

All work not mentioned in these specifications 
necessary for the construction of a first-class road 
shall be performed by the Contractor. He will not 
be required to work on rainy days, but it is expected 
that he will push the work to its earliest possible 
completion. 

The Contractor shall agree to protect the rail¬ 
road company from the beginning of the construc¬ 
tion until the road is accepted by the officers of the 
railroad company, from all loss of material by 
theft, and from all damage suits and claims arising 
from personal injuries or property losses sustained 
in the construction of the road*. 

In making his bid, the Contractor shall name 
the manufacturer of the material which he proposes 
using and wherever possible shall furnish samples. 

The following drawings may be seen at the 
office of the Engineer. (r) General map of route, 
showing location of track, and proposed location 
of poles. (2) Profile, showing the necessary 
grading. (3) Detailed drawings of special work 
and car-shed tracks. (4) Drawing showing the 
location and sizes of the feeders. 

The rails shall be Tee rails, weighing sixty 
pounds per yard, of the American Society of Civil 
Engineers^ standard section. The ties shall be of 
white oak, sawed, 6 by 8 inches in section and 8 feet 
long. Four-hole angle bars fitting thissection of rail 
are to be used at rail joints. The trolley is to be No.( 
O, hard drawn copper, and the span wire 9-32^^ 
galvanized iron cable. The poles are to be of 
white cedar, neatly trimmed and straight. Those 
for straight line work shall be 30 feet long with 6 
inch tops, and those supporting curves or terminals 
shall be 30 feet long with 8 inch tops. All other 
material used in this work’ shall be of standard 
design and shall be subject to the approval of the 
Engineer* 

Within the city limits, the top of the rail shall 
conform to the established grade of the street. 
Outside of the city limits, the grade shown on the 
profile will be follo'wed. Where necessary, grade 
stakes to giiide the Contractor will he set by the 
Engineer. Where the track is either above or 
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below the surface of the roadway, the roadway for 
4 feet outside the rails shall be graded to slope to 
the ends of the ties. 

For the roadbed, an excavation 9 feet wide 
and 16 inches, deep shall be made. Into this shall 
be placed 3 inches of crushed rock or gravel and 
rolled with a heavy roller until solid. In macadam 
streets, the stone which is taken from the street 
may be used for this purpose. Where there is a 
surplus of stone in the street, it shall be moved 
forward to such point as needed. All surplus dirt 
shall be hauled away by the Contractor and the 
street left in a neat condition. After completing 
the track the roadbed shall be filled with broken 
stone or gravel to the top of the rails. The mate¬ 
rial used for this purpose shall be clean and free 
from dirt. 

The ties shall be spaced 30 inches between cen¬ 
ters, except at the joints, where a tie shall be placed 
directly under the joint, with another tie on each 
side of it, 8 inches from it. 

The rails shall be laid 4 feet, inches 
between gauge lines, and at turn-outs where there 
is a double track, the distance between the gauge 
lines of the inside rails shall be 6 feet. The rails 
shall be fastened to the ties by two hook head 
spikes at each point where a rail crosses a tie. The 
center of the track shall correspond with the center 
of the street unless otherwise directed. The ties 
shall be securely tamped until the rail is at the 
proper grade, and the track shall be carefully lined 
and surfaced. Both rails shall be laid level by 
means of a straight edge and a level. 

Wherever possible, joints shall be placed 
opposite one another. The angle-bars shall first 
be placed on the joints so that the track may be 
tamped, lined, and surfaced. After this is com¬ 
pleted, the angle-bars shall be removed and the 
bonds placed in position. All lining and surfacing 
must be done before the bonds are inserted. After 
all the bolts in the angle-bars are drawn up as 
tightly as possible, one man shall strike the head 
of the bolt with a hammer, while another draws up 
on the nut with a wrench. This operation shall be 
repeated with each bolt until the nut can not be 
turned. The tightening of these bolts shall be the 
last operation before the track is filled in. 
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Special work shall be laid according to the Special wark. 
measurements given on the drawings and must be 
made to line in neatly with the straight track. At 
turn-outs, the Contractor shall furnish special ties, 
long enough to support the switches, mates, frogs, 
and curved rails. In laying special work, the direc¬ 
tions as already given shall be followed, except 
that in laying curves, the outside rail shall be laid 
^ inch higher than the inside rail. 

Each joint shall be bonded with a four-naught 
stranded bond placed beneath the joint plate. The 
bonds shall be of the * • * or * 

type. The two rails of the track shall be cross- 
bonded every 300 feet by four-naught bonds of the 
same type. At turn-outs, the 4 rails shall be 
cross-bonded twice. If the holes for the bonds are 
punched at the rail mill, they must be reamed out 
before the bonds are inserted. 

All cross-walks tom up in the constraction of Cnm 
the road shall be replaced by the Contractor as 
soon as the track is filled. 

During the building of the road, the Contractor TcporM, 
shall at his own expense put in temporary wagon ‘^^*****"*^ 
crossings made of ties whenever required by the 
city authorities. He shall also as far as possible 
keep the street open for traffic. 

OVERHEAD CONSTRUCTION. 

All poles shall be set 6 feet in the ground. JPsIm. 

Those which support curves or terminals shall be 
set in concrete. In straight line work, the poles 
shall be spaced not more than 115 feet apart. 

The trolley wire shall be placed as nearly as Smp wwIm m i 
possible over the center line of the track. The 
distance from the rail to the trolley wire shall not 
be less than 18 feet nor more than 20 feet. The 
trolley wire shall be anchored at all curves and at 
all crossings. The connection between the span 
wire and the trolley wire shall be by means of a 
hanger of standard design to be approved by the 
Engineer, and the connection between the hanger 
*nd the trolley wire shall be by means of a soldered 

*5 inches long. All joints in the trolley wire 
•hall be made at suspensions by means of splicing 
ears. No splicing sleeves shall be used. 

The trolley wire over curves must be so located Cmvm. 
that the trolley wheel rounds the curve without leav- 
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Ligr^tning 

Arresters. 


Feeders. 


inff the wire* JPull-ofiEs niust he located not further 

apart than 4 feet. Where necessary, the Con¬ 
tractor shall furnish crossings and switches to be 
located in the trolley wire at turn-outs. 

Lightning arresters shall be located along the 
track not more than ^lOoo feet apart. They shall 
be of a design to be approved by the Engineer, 
who shall designate their exact location and the 
manner in which they shall be connected to the 
. feeders and trolley wire. They shall be groundetl 
by means of a No. 6 insulated copper wire, soldered 
to a copper plate not less than one square foot in 
area, buried in a bed of wet, crushed charcoal, at 
least 6 feet deep in the ground. 

Feeders shall be furnished according to the 
drawings above enumerated. They shall be drawn 
into the power house and their ends left long enough 
to connect with the switchboard. The Contractor, 
however, will not be required to make this connec¬ 
tion. The Contractor will be retpiireil to furnish 
the ground feeders for connecting the rails with the 
switchboard. He will make the connection with the 
rails as indicated in the feeder drawing and will 
leave the ends of these feeders long enough to con¬ 
nect with the switchboard. 


R. McC. 
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184. G-eneral Specifications for Steel Highway 
Bridges and Viaducts.* The following specifications have 
been adopted for highway bridges and viaducts by the American 
Bridge Company, they having been drawn by Vice-President'C. 
C. Schneider, member American Society Civil Engineers. They 
will give structures from 20 to 25 per cent, heavier than those 
heretofore commonly erected for such purposes. The require¬ 
ments provide for a most excellent shop practice without greatly 
increasing the cost, provided the shop is properly quipped with 
modem machine tools. It will be noted that a class of struct¬ 
ures is provided for which is intended to cover all ordinary de¬ 
mands. The tables given at the end of this specification will 
be found especially valuable in preparing designs. 

GENERAL DESCRIPTION. 

1. Bridges under these specifications are di- Classification, 
vided into six classes, viz: 

Class A.—For city traffic. 

Class B.—For suburban or interurban traffic 
with heavy electric cars. 

Class C.—For country roads with light electric 
cars or heavy highway traffic. 

Class D.-—For country roads with ordinary 
highway traffic. 

Class Ei.—-For heavy electric -street railways 
only. 

Class E2.—For light electric street railways only. 

2. All structures to be of rolled steel, except the Material, 
flooring and wheel-guards of Classes A, B, C, Ei 

and E2, and the stringers, flooring and wheel-guards » 
of Qass D, which may be of timber. Cast iron or 
cast steel will be permitted only in machinery of 
movable bridges and in special cases for shoes and 
bearings. 

3. The following types of bridges are recom- Type of 

mended: Bridges. 

For spans up to 25 feet.—Rolled beams. 

For spans from 25 to 40 feet.—Rolled beams or 
plate girders. 

For spans from 40 to 80 feet.—Plate or lattice 
gprders; 

For spans from 80 to 140 feet.—Lattice girders. 

♦For specification for Steel Railroad Bridges, see Art. 185, p 459. 
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Clearance 


Spacing of 
Trusses 


Handrailing. 


Kameplate. 


Floor Beams. 
Stringers. 


Roadway 

Planks. 


For spans over 140 feet.—Lattice girders or pin 
connected trusses. 

4. At an elevation of one foot and over above 
the roadway, the clear distance between trusses shall 
be at least 14 inches greater than the width of the 
roadway between wheel-guards. 

5. For Classes A, B, C, Ei and E2 the clear 
headroom for a width of 6 feet over each track shall 
not be less than 15 feet, for Class D not less than 12^ 
feet, above the floor. 

6. For bridges carrying electric cars the clear 
width from the centre of track shall not be less than 

feet at a height exceeding i foot 6 inches above 
the top of rails where the tracks are straight. 

7; In determining the clearance on curves the 
extreme length of electric car shall be taken as 45 
feet, the width 8 feet, and the distance between cen¬ 
ters of trucks as 20 feet, unless otherwise specified. 

8. The width between centers of trusses shall in 
no case be less than one-twentieth of the span be¬ 
tween centres of end pins or shoes. 

9. A strong and suitable handrailing shall be 
placed at each side of the bridge, except where plate 
girders serve the same purpose, and be rigidly at¬ 
tached to the superstructure. 

10. Each bridge shall have such name plates 
suitably inscribed and located, as may be required. 

11. All floor beams in through bridges shall be 
riveted to the main girders. 

12. Steel stringers shall preferably be riveted 
to the web of the floor beams. 

Wooden joists shall not be less than 3 inches 
thick, shall be spaced not more than 2^ feet between 
centres, and shall be dapped over the seat angles or 
floor beams to exact level. In the latter case they 
shall lap by each other over the full width of the floor 
beam, and shall be separated ^ inch for free circula¬ 
tion of air. 

13. For single thickness the roadway planks 
shall not be less than 3 inches thick, nor less than one- 
twelfth of the distance between stringers, and shall 
be laid transversely with i inch openings. 

14. When an additional wearing surface is spe¬ 
cified for the roadway, it shall be i|- inches thick, and 
the lower planks, of a minimum thickness of 2*| 
inches, shall be laid diagonally and with ^ inch open¬ 
ings. 
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15. Wlieel-giiards of a cross-section not less Whcei-cuardt. 
than 6 inches by 4 inches on each side of the roadway 

shall be provided. They shall be blocked np from 
the ioor plank with blocks 2 inches by 6 inches by 12 
inches long, not over 5 feet apart centre to centre, 
held in place by one | inch bolt passing through the 
centre of each blocking piece and securely fastened 
to the stringer below. The wheel-guards shall be 
spliced with half and half joints with 6 inches lap 
over a blocking piece. 

16. The footwalk planks shall not be less than 
2 inches thick nor more than 6 inches wide, spaced 
with 4 inch openings. 

1 7 . All plank shall be laid with the heart side 
down; shall have full and even bearing on and be 
firmly attached to the stringers. 

18. For bridges of Classes A and B a solid *^*®®*‘' 
floor, consisting of stone, asphalt, etc., on a concrete 

bed, is recommended. B^or this case the flooring will 
consist of bnckle-plates or corrugated sections, and 
the concrete bed shall be at least 3 inches thick for 
the roadway, and 2 inches tliick for the footwalk, 
over the highest point to be covered, not counting 
rivet or boltlieads. 

19. rUicklepIates shall not be less than 5-16 
inch tliick for the roadway and | inch thick for the 
footwalk, 

20. I"or solid floor the curb holding the paving ^ 
atul acting as a wheehguanl on each side of the road¬ 
way shall he of stone or steel projecting about 6 
inches ahnv(‘ the finished paving at the gutter. The 
curb shall he sn arrangiul that it can lie removed and 
replaced whcni wefrn or injurenl. There shall also be 

a nu^tal c*r]ging strip on each side of tlie footwalks to 
prefect and hnld th(‘ paving in place. 

21 . Provision shall he made for drainage clear 
of all parts of the nu‘tal work. 

The fh)or of bridges of Classes Ei and E 2 
shall cdiisist ot cntss'ties imt less than 5 niches riy tj 
in(iH\s, s]Kice<I with openings not exceeding 6 inches 
and securely fastc*ned to the stringers Iiy holts. There 
shall ht‘ guard timbers not less than 6 indies liy 6 
inches on each side of each track, with their inner 
fact's luit less than 0 inclu/s from centre of rail. 

11iey shall he nf)tched r inch over every tie, and 
fastened to every fourth tie. 
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LOADS. 

23. In determining the weight of tlie structure 
for the purpose of calculating strains, the weight of 
timber shall be assumed at 4 pounds per foot B. M., 
the weight of concrete and asphaltum at 130 pounds, 
of paving brick at 150 pounds and of granite stone 
at IDO pounds per cubic foot. 

The rails, fastenings, splices and guard timbers 
of street railway tracks, resting on cross-ties, shall 
be asstraed as weighing 100 pounds per lineal foot 
of track. 

24. The bridges of the different classes shall 

'be designed to carry, in addition to their own weight 
and that of the floor, a moving load, either uniform 
or concentrated, or both, as specified below, placed 
so as to give the greatest strain in each part of the 
structure. ^ 


Class A. — City Bridges. 

For the floor and its supports, on each street car 
tra^ or on any part of the roadway, a concentrated 
load of 24 tons on two axles 10 feet centres and ? 
leet gauge (assumed to occupy a width of 12 feet) 
W w” "-emaining portion of the floor, includ- 
mg foot walks, a load of 100 pounds per square foot. 

hor the trusses, for spans up to 100 feet r 800 
pounds per lineal foot of each car track (assumed to 
occupy 12 feet in width), and 100 pounds per square 

t lineal foot 

ot track and 8o pounds per square foot of floor * pro¬ 
portionally for intermediate spans. (See table L) 

Class B. Suburban or Interitrhan Bridges. 

supports, on any part of the 
10 a concentrated load of 12 tons on two axles 
a JhST ^ (assumed to occupv 

car track a con¬ 
centrated load of 24 tons on two axles 10 feet cen- 
tres; and upon the remaining portion of the floor, in¬ 
foot ^ ^ pounds per square 

For the trusses, for spans up to 100 feet i 800 
pounds per lineal foot of each car track and 80 
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pounds per square foot for the remaining floor sur¬ 
face; for spans of 200 feet and over 1,200 pounds 
for each lineal foot of track and 60 pounds per 
square foot of floor; proportionally for intermediate 
spans. (See table I.) . 

Class C.—Heavy Country Highway Bridges, 

For the floor and its supports, on any part of 
the roadway, a concentrated load of 12 tons on two 
axles 10 feet centres and 5 feet gauge (assumed to 
occupy a width of 12 feet), or on each street car 
track a concentrated load of 18 tons on two axles 
10 feet centres; and upon the remaining portion of 
the floor, including footwalks, a load of 100 pounds 
per square foot. 

For the trusses, same as for Class B, except load 
on car tracks for spans up to 100 feet will be 1,200 
pounds and for spans of 200 feet and over, 1,000 
pounds. (See table I.) 

Class D.~Ordmtry Country Highway Bridges^ 

For the floor and its supports, a load of 80 
pounds ])er square foot of total floor surface or 6 tons 
on two axles 10 feet centres and 5 feet gauge. 

Imr the trusses, a load of 80 pounds [jcr sqtiarc 
foot of total floor surface for spans up to 75 feet; 
and 55 |’)f)uncls for spans of 200 feet and over; pro¬ 
portionally for intermediate spans. (See table L) 

Class Ki,—Bridges for Hea^y Blcclrk Street RaU^ 
ways only, 

fujr the floor and its supports, on each track a 
load f)f 2q on two axles 10 feet centres. 

hor tiu* truss(‘s, a load of t,8iK 5 |)ounds per lineal 
foot of raeh car track for spans up to ick) feet; and 
a load of i,;;of) potinds for spans of 200 feet and 
over; f>roportionaIly for intermediate spans. (See 
table 1.) 

Class E 2 ,~Brklges for Light lUeeiric Street RaiL 
ways only. 

For the floor and its stip[)f)rts, on each track a 
load of 18 torn on two axles 10 feet centres. 

Fen- tlie trusses, a loatl of 1,200 pounds per lineal 
foot of each car track for spans up to loo feet; and 
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Wind Pressure. 


Momentum of 
Street Cars. 


Centrifugal 

Force. 


a load of i,ooo pounds for spans of 200 feet and 
over; proportionally for intermediate spans. (See 
table I.) 

25: To compensate for the effect of impact and 
vibration, 25 per cent, of the maximum strains re¬ 
sulting from the above mentioned live load shall be 
added thereto. 

■ 26. The wind pressure shall be assumed acting 

in either direction horizontally: 

First At 30 pounds per square foot on the ex¬ 
posed surface of all trusses and the floor as seen in 
elevation, in addition to a horizontal live load of 150 
pounds per lineal foot of the span moving across the 
bridge. 

Second. At 50 pounds per square foot on the 
exposed surface of all trusses and the floor system. 
The greatest result shall be assumed in proportioning 
the parts. 

27 . For longitudinal bracing of structures 
carrying street railroads, the momentum produced by 
suddenly stopping the train shall be considered; the 
coefficient of friction of wheels sliding upon the rails 
being assumed as 0.2. 

28. When the structure carrying a street rail¬ 
road is on a curve, the additional effects due to the 
centrifugal force shall be considered. 


PROPORTION OP PARTS. 


LcMt^Thick- 2g. No material shall be used less than J of an 
Materials. inch thick, except for lining or filling vacant places. 
Permissible 30. All parts of the structure shall be so pro- 

Strains! portionecf that the sum of the maximum loads, to¬ 
gether with the impact, shall not cause the tensile 
strain to exceed: 

On soft steel 15,000 pounds per square inch. 

On medium steel i 7 ,ooo pounds per square inch. 

31. The same limiting unit strains shall also be 
used for members strained by wind pressure, cen¬ 
trifugal force, or momentum of train, if any. 

Net Sections. 32. Net sections must be used in all cases in 
calculating tension members, and, in deducting river- 
holes, they must be taken -J of an inch larger than • 
the size of the rivets. 

33. Pin connected riveted tension members 
shall have a net section through the pin hole 25 per 
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cent, in excess of the net section of the body of the 
member. The net section back of the pin hole shall 
be at least 0.75 of the net section through the pin 
hole. 

34. For compression members, these permissi- Permissiw. 
ble strains of 15,000 and i 7 ,ooo pounds per square sSS!**” 
inch shall be reduced in proportion to the ratio of the 
length to the least radius of gyration of the section 
by the following formulas: 


For soft steel, . ^SiOoo 

iS.Soor® 


where 


For medium steel, 


17,000 


'+ 


i» 

1 1 ,ooor® 


p — permissible working strain per square inch 
in compression. 

1 »» length of pieces in Inches, centre to center 
of connection. 


r r * least radfui of gyration of the section in 
inches. (See table V.) 

35. Xo cniiipmssioii inenilicr, Iiowever, shall 
have a length exceeding 12a times its least radios of 
gyration, excef)ting those for wind bracing, which 
may have a length not exceeding 140 times the least 
radius of gyration. 

36. 1 iie n*vt*rsal of strain in memljers of d 

bridges of (Jassc‘K A, F», (! anrl D need not to l)e con- ^^***^*®** 
sidcred, hnt the nit*mht*rs sliall !)C proportioned for 

the strain giving tiu* larger section. 

IA>r hrifigos tif (‘lasses Fa and K2 memlters sub¬ 
ject to altc*rnatc* strains of t<*nsion and cnnij)ression in 
ininunliatt* snnahssion fas eotinter*stresses in web 
inenilK‘rs or cdionls ifi conlinnotts trusses) shall he 
so pnqiortioned that thc‘total sectional area is equal 
to the stun of areas retjninjd for each strain. 

37. In eas<» the inaxiinuin strains due to wind, 

added to the inaxiintnn strains dne to vertical loading 
(^incliiding impact), shall t*xc(*ed tli<* following 
limits: ^ 


On soft stt*<d, pounds {>er sfpiarc; inch. 

On i!H*tIiinn stt‘eh *jf,CKX) j)ounds [ler sc|iiare 
inch, j)rn|)t*rly rednced for compression, addition 
must be made to snch sections until these limits are 
not exccedefl. 

^ The pcrmissiiile strains for the connections shall 
be increased proportionately. 
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Transverse 
Loading of 
Tension or 
Compression 
Members. 


Shearing ami 

Bearing 

Strains. 


Field 

Connections. 


38. Should the strains be reversed in any possi¬ 
ble case, proper provision must be made for such 
strains in the opposite direction. 

39. When the floor system rests directly on the 
top or bottom chord, the latter must be so propor¬ 
tioned that the algebraic sum of the strains per 
square inch on the outer fibfe, resulting from the 
direct compression or tension, and three fourths of 
the maximum bending moment (the chord being 
considered as a beam of one panel length, supported 
at the ends), shall not exceed the before-mentioned 
limiting strains in tension or compression, the proper 
amount of impact being added to each kind of load¬ 
ing. 

40. The bending moment at panel points shall 
be assumed equal to that in the centre, but 4 n oppo¬ 
site direction. 

41. All other members v^hich are subject to 
direct strain in addition to bending moment are to 
be similarly calculated. 

42. The shearing strain on rivets, bolts or pins, 
per square inch of section, shall not exceed 11,000 
pounds for soft steel, and 12,000 pounds for medium 
steel; and the pressure upon the bearing surface of 
the projected semi-intrados (diameter x thickness) 
of the rivet, bolt or pin hole, shall not exceed 22,000 
pounds per square inch for soft steel, and 24,000 
pounds for medium steel. (See table VII.) 

43. In field connections the number of rivets 
or bolts thus found shall be increased 25 per cent, 
if driven by hand, but 10 per cent, for rivets driven 


by power. 

Bending^ ^4, Xhe bending strain on the extreme fibre 

of pins shall not exceed 22,000 pounds per square 
inch for soft steel, and 25,000 per square inch for 
medium steel, when centres of bearings of the 
strained members are taken as the points of applica¬ 
tion of the strains. (See table VI.) 
nateGirders. ‘ Plate girders shall be proportioned on the 

assumption that i of the gross area of the web is 
available as flange area. The compressed flange 
shall have the same sectional area as the tension 
flange; but the unsupported length of flange shall 
not exceed 20 times its width. ■ 

46. In calculating shearing strains and bearing 
strains on web rivets of plate girders, the whole of 
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the shear acting on the side next the abutment is to 
be considered as being transferred into the flange 
angles in a distance equal to the depth of the girder. 

47 . The shearing strain in web plates shall not 
exceed 9,000 pounds per square inch for soft steel 
and 10,000 pounds per square inch for medium steel. 

48. Ihe web shall have stiffeners riveted on 
both sides, with a close bearing against upper and 
lower flange angles at the ends and inner edges of 
bearing plates, and at all points of local and con¬ 
centrated loads, and also, when the thickness of the 
web is less than 1-60 of the unsupported distance 
between flange angles, at points throughout the 
length of the girder, generally not farther apart than 
the depth of the full web plate, with a maximum 
limit of 5 feet. 

49. 1 he depth of rolled beams shall in no case Rolled Beams 
be less than 1-30 of the span. 

50. The filire strain on floor timber from dead Floor t 
and live load without impact shall not exceed 1,200 
pounds per scpiare inch on yellow pine and white oak. 

and i.cxx) pounds per sipiare inch on white pine and 
spruce. 

5X. Wherever flu- live and dead load strains of ProTieion. t., 

brulf^es of ciaHscs and h 2 are of opposite charac- f"*^"***® 
ter, only 7 o per cent, of the dead load strain shall i-i^cLoadof 
be considered as effectiee in counteracting th^ live EiTndEa. 
load strain. 

DETAILS OF CONSTRUCTION. 

52. All truss hrUlges sliall be given a proper Camber 
canir>cr. 

53. All sections shall preferably he made sym- symmetdoa 
mctricah and the |)ins placed in tlie line of the neu- 

tral axis. 

54. Adjtistahle ineinhers in any parts of struct- Adjustable 

nres shall preferably l)e avoided. ‘ Member®. 

55. All through sptinH shall have stiff end verti- Truss Bridra, 
cal s 11.s|lenders. 

56. Ihe licads of eye-bars shall not lie less Eye Bar 
in .strength tlian the body of the bar. 

57. All nuts mu.st he of hexagonal shape. Nuts. 

I I 'I” sliall prefera- lateral and 

Illy Ik* marie nf sliapes which can resist compression Bracii*. 
as well as ten.sion. 
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59. All through spans with top lateral bracing 
shall have portals at each end of span, connected 
rigidly to endposts. They shall be as deep as the 
specified head room will allow, and provision shall 
be made in the end posts for the bending strain pro¬ 
duced by the wind pressure. 

60. Deck bridges shall have diagonal braces at 
each panel, of sufficient strength to carry half the 
maximum strain increment due to wind and centrifu¬ 
gal force, if any. 

61. Pony trusses and through plate girders 
shall be stayed by knee braces or gusset plates at the 
ends, and at each floor beam or transverse strut. 

62. Provision shall be made,for a free expan¬ 
sion and contraction of all parts, corresponding to a 
variation of 150 degrees Fahrenheit in temperature. 

63. All bridges exceeding 100 feet in length 
shall have hinge bolsters on both ends and at one end 
nests of turned friction rollers, running .between 
planed surfaces. Rollers will not be less than 3 
inches in diameter; and the pressure per lineal inch 
of roller, including impact, shall not exceed 1200 / a 
for steel rollers between steel surfaces diameter 
of roller in inches). 

64. For bridges less than 100 feet in length, 
one end shall be free to move upon smooth surfaces. 

65. Bed plates shall be so proportioned that the 
pressure upon masonry (including impact) will not 
exceed 400 pounds per square inch. 

66. The pitch of rivets, in the direction of the 
strain shall never exceed 6 inches, nor 16 times the 
thickness of the thinnest outside plate connected, and 
not more than 50 times that thickness at right angles 
to the strain. 

67. At the ends of compression members the 
pitch shall not exceed four diameters of the rivet, for 
a length equal to twice the width of the member. 

68. The distance from the edge of any piece to 
the centre of a rivet-hole must not be less than i-J 
times the diameter of the rivet, nor exceed 8 times 
the thickness of the plate; and the distance between 
centres of rivet-holes shall not be less than 3 diam¬ 
eters of the rivet. 

69. The butt joints of compression members 
shall be connected by splices to hold them truly in 
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position^ 3.11 other joints in riveted work, whether in 
tension or compression, must be fully spliced. 

7o. All segments of compression members con- Plate*, 
nected by latticing only, shall have tie plates placed 
as near the ends as practicable. They shall have a 
length of not less than the greatest depth or width 
of the member, and a thickness not less than 1-50 of 
the distance between the rivets connecting them to 
the compressed members. 

71 Single lattice bars shall have a thickness Lacing-, 
of not less than 1 - 40 , and double bars connected by a 
rivet at the intersection of not less than i- 6 o of the 
distance between the rivets connecting them to the 
member; and their width .shall be in accordance with 
American Bridge Company’s standards, generally: 


For I5“inch channels, or built'j 
sections with 3I and 4-Inch I 2I inches Q inch rivets^ 
angles. J 

For 12, xo and 9-inch channels, 
or built sections with 3-inch 
angles. 

For 8* and 7 incli cliannels, or"] 
built sections with 2! inch U indies (f inch rivets^ 
angles. j 

For 6“ and 5-inch channels,'] 
or built sections with 2 inch iif inches (4 inch rivets 'I 
angles* j 


j-aj inches (| inch rivets). 


72 . All pin-liole.s .shall he re-enforced by addi¬ 
tional material when nece.s.sary, .so as not to exceed 
the allowed pres.sure on the pin.s. 'I’he.se re-enforc¬ 
ing plate.s must contain enough rivets to tran.sfer the 
prci|)()rtiou of pres.sure wliicli conies upon tliern, and 
at least one plat(‘ on each side .shall extend not less 
than 6 iiiclics beyond the edge of the tie plate. 

. Web iilatcs of girders must be sidiccd at 
all joints by a plate on each .side of the web, capable 
of tran.smitfing the full strain through sjilicc rivet.s. 

_ 74. The flange plate.s of all girders mu.st be 
bmitcd_ in widtli .so as not to extenrl beyond the 
outer lines of rivet.s connecting them with the angles 
more than five inches or more than eight time.s the 
thickness of the first plate. Where two or more 
plates are used on the flanges, tliey shall eillicr be of 
equal tluckness or sliall clecrea.se' in thickness out¬ 
ward from the angles. 


I*in Plates. 


Web Sj)licca. 


Miinge Plates. 
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Riveted Work 
Punching. 


Holes for 
Field Rivets. 


Planing and 
Reaming. 


Rivets. 


Riveters. 


Bolts. 


Neat Fintsh, 


Contact 

Surfaces. 

Forged Woi 1 
Eye-Bars. 


COMPLETE SPEOIPIOATION8. 

WORKMANSHIP. 

75. All riveted work shall be punche<l accur¬ 
ately with holes 1-16 of an inch larger than tlie size 
of the rivet, and when the piece.' forming one huilt 
member are put together, the holes must he 
Opposite; no drifting to distort the metal will be ai'* 
lowed; if the hole must be enlarged to admit the 
rivet, it must be reamed. 

76. All holes for field rivets in floorheam and 
stringer connections and splices in tension members, 
sh^ll be accurately drilled to an iron templet or 
reamed while the connecting parts are temporarily 
put together. 

77 . In medium steel over f of an inch thick, 
all sheared edges shall be planed, and all holes shall 
be drilled or reamed to a diameter of i of an inch 
larger than the punched holes, so as to remove all the 
sheared surface of the metal. 

78 . The rivet heads must be of approved hem¬ 
ispherical shape, and of a uniform size for the same 
size rivets throughout the work. They must !>e full 
and neatly finished throughout tlie work and concen¬ 
tric with the rivet hole. 

79. All rivets whei%f<lriven must completely fill 
the holes, the heads be in full contact with the sur¬ 
face, or countersunk when so refjtiirt‘d. 

80. Wherever possilde, all rivets shall he* ma¬ 
chine driven. Power riveters sliail lie dirivt acting 
machines, worked by steam, hydraulic prt‘ssure. or 
compressed air. 

81. When memlrers are cunnt/etrd by holts 
which transmit shearing strains, such l»olts imist liavc* 
a driving fit. 

82. ' The several pieces forming onc» liuill meiir- 
ber must fit closely together, and whvn riviied sliall 
be free from twi.sts, bends, cjr open joints. 

83. All portions of the wtu*k cxposc*d to view 
shall be neatly finishetl. 

84. All surfaces in contact slial! !:>e |»airitf*d !«»- 
fore they are put togetlier. 

: 85. The heads of eye-lKirs shall he made !*v 

upsetting, rolling, or forging into shafH*. Welds in 
the body of the bar will not he allowed. 

86 ." The bars must Ik* perfectly straight 

boring. 
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87 . The holes shall be in the centre of the head 
and on the centre line of the bar. 

88. All eye-bars shall be annealed. 

89. All abutting surfaces in compression mem- Machine 
bers shall be truly faced to even bearings, so that r^dng. 
thgy shall be in such contact throughout as may be 
obtained by such means. 

90. The ends of riveted floor girders shall be 
faced true and square. 

91. Pin holes shall be bored truly parallel with Holes, 
one another and at right angles to the axis of the 
member unless otherwise shown in drawings; and in 
pieces not adjustable for length, no variation of more 

than 1-64 of an inch for every 20 feet will be allowed 
in the length between centres of pin holes. 

92. Bars which are to be placed side by side 
in the structure shall be bored at the same tempera¬ 
ture, and shall be of such equal length that, upon 
being- piled on each other, the pins shall pass through 
the holes at both ends at the same time without 
driving. 

93. All pins shall be accurately turned to a 
gauge, and shall be straight and smooth. 

94. The clearance between pin and pin hole Hoks" 
shall be 1-50 of an inch for pins up to 3 1 inches in 
diameter, which amount shall be gradually increased 

fo I ”3^ inch for pins 6 inches in diameter and 
over. 

95. All pins shall be supplied with steel pilot P‘'°‘Nuts. 
nuts, for use during erection. 

96. All workmanship shall be first-class in Workmanship, 
every particular. 


STEEL. 

97. All steel must be made bv the Open Hearth '’rocessof 
process, and if by acid process,' shall contain not 

Hiore than .08 per cent, of phosphorus, and if by basic 
process, not more than .05 per cent, of phosphorus, 
and must be uniform in character for each specified 
kind. 

98. The finished bars, plates and shapes, must 
be free from injurious seams, flaws or crack’s, and 
have a clean, smooth finish. 

gg. The tensile .strength, limit of elasticity and Test Pieces, 
ductility, shall be determined from a standard test- 
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COMPLETE SPEOIPIOATION8. 


Annealed Test 
Pieces. 


Marking. 

Physical 

Properties. 

Rivet Steel. 


Soft Steed. 


Medium 

Steel* 


Full Size Test 
of Steel Eye 
Bars. 


piece, cut from the finished material, of at least ^ 
square inch section. All broken samples must show 
a silky fracture of uniform color. 

100 . Material which is to be used without an¬ 
nealing or further treatment is to be tested in the con¬ 
dition in which it comes from the rolls. When ma¬ 
terial is to be annealed or otherwise treated^ before 
use, the specimen representing such material is to be 
similarly treated before testing. 

101. Every finished piece of steel shall be 
stamped with the blow number identifying the melt. 

102. Steel shall be of three grades: Rivet, 
Soft and Medium* 

103. Rivet Steel shall have: Ultimate strength, 
48,000 to 58,000 pounds per square inch. Elastic 
limit, not less than one-half the ultimate strength. 
Elongation, 26 per cent. Bending test, 180 degrees 
flat on itself, without fracture on outside of bent 
portion. 

T04. Soft Steel shall have: Ultimate strength, 
52,000 to 62,000 pounds per square inch. Elastic 
limit, not less than one-half the ultimate strength. 
Elongation, 25 per cent. Bending test, 180 degrees 
flat on itself, without fracture on out.side of bent 
portion. 

105. Medhan Steel .shall have: Ultimate 
strength, 6c),0('X) to 7o,cx¥> |)onncls per square iiic'li. 
Elastic limit, not le.s.s than one-half tlu‘ ultimate 
strength. Elongation, 22 per cent. ^ lleiidinit test, 
180 degrees to a diameter equal to thickness of pif^ce 
tested, without fraettire on outside of bcait poriiom 

106. Full size te.st of steel i‘ye bars shall be* re¬ 
quired to show not less th.an ir) per cent, cdoiigation 
in the body of the bar, and tensile strength not more 
than 5, OCX) pounds below tlie inimiimim Icaisilc* 
strength recpiired in specimen tests fif the grade of 
steel from whicli tliey are rolled. 1lie bars will be 
required to ])reak in the body but should a bar lu'ruk 
in the head, but develop 10 |K*r cenl. rloiigalinn aial 
the ultimate strength specified, it shall not be cama.* 
for rejection, provided not more than caie third of 
the total nnml)er of bars tcstcil br<.*ak in the head; 
otherwise the entire lot will be rejecfetl. 

107. Pins made of eitlier fd tlie altove men¬ 
tioned grades of steel .shall, on si.jecimcii test pieces 


Fin Steel. 
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■cut from finished material, fill the requirements of 
the grade of steel from which they are rolled, ex¬ 
cepting the elongation, which shall be decreased 5 
per cent, from that specified. 

108. Punched rivet holes, pitched two diame- 
ters from a sheared edge, must stand drifting until 
the diameter is one third larger than the original hole, 
without cracking the metal. 

109. The slabs for rolling plates shall be rolled 

from ingots of at least twice their cross-section. ^ 

no. Pins up to 7 inches diameter shall be 
rolled. 

111. Pins exceeding 7 inches diameter shall 
be forged under a steel hammer striking a blow of 
at least 5 tons. The blooms to be used for this pur¬ 
pose shall have at least three times the sectional area 
of the finished pins. 

112. A variation in cross-section or weight of weight^”*® 
rolled material of more than 2^ per cent, from that 
specified, may be cause for rejection. 

113. Steel casting shall be made of Open Steeicastingrs 
Hearth Steel containing from .25 to .40 per cent. 

carbon and not over .08 per cent, of phosphorus, and 
shall be practically free from blow holes. 

1 14. Except where chilled iron is specified, all Cast iron, 
castings shall be of tough, gray iron, free from in¬ 
jurious cold shuts or blow holes, true to pattern, and 

of workmanlike finish. Test bars one inch square, 
loaded in middle between supports 12 inches apart, 
shall bear 2,500 pounds or over, and deflect 0.15 of 
an inch before rupture. 



448 


COMPLETE SPEOIPIOATIONS. 


Timber. 


Pamiing. 


Inspection. 


TIMBER. 

115. The timber shall be strictly first-class 
spruce, white pine, Douglas fir, Southern yellow pine, 
or white oak bridge timber j sawed true and out of 
wind, full size, free from wind shakes, large or 
loose knots, decayed or sapwood, wormholes or other 
defects impairing its strength or durability. 

PAINTING. 

116. All iron w^ork before leaving the sliop 
shall be thoroughly cleaned from all loose scale and 
rust, and be given one good coating of pure boiled 
linseed oil, well worked into all joints and open 
spaces. 

11 7 . In riveted work, the surfaps coming in 
contact shall each be painted before being riveted tO'* 
gether. 

118. Pieces which are not accessible for paint¬ 
ing after erection shall have two coats of paint. 

119. The paint shall be of good quality of 
oxide of iron paint, mixed with pure linseed oil, or 
such as may be specified in contract. 

T20. After the structure is erected, the iron 
work shall be thoroughly and evenly painted with 
two additional coats of paint, mixed with pure lin¬ 
seed oil, of such quality and color as may ht* stdected. 

121. Pins, pin holes, screw thn‘atls and other 
finished surfaces shall be coated with white* had and 
tallow before being sliipped from the shop. 


INSPECTION. 

122. All facilities for inspection of mat«*ria! 
and workmanship shall he fiirnisiH*d by the (Sintrat*» 
tor to competent ins]>ectors, and tlie enginr«/r and hr> 
inspectors shall be allowed free access to any part cd 
the works in which any portion of tin* niafc-rial is 
made. 

123. The contractor shall furnish. williMiit 
charge, such specimens (prepared 1 nf the sevtua! 
kinds of material to be used as may be required to 
determine their character. 
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TESTING. 

124. Full sized parts of the structure may be Testing, 
tested at the option of the purchaser; but, if tested 

to destruction, such material shall be paid for at cost, 
less its scrap value, if it proves satisfactory. 

125. If it does not stand the specified tests, it 
will be considered rejected material, and be solely 
at the cost of the contractor, unless he is not respon¬ 
sible for the design of the work. 

29 




OOMPLETE smOlWlOATlOm* 


GENERAL DATA 

For bridge over .‘ v; * *- 

.town of* • • *...State of. 

Length and general description:.. * * 


Skew, or angle of current with ce.ntre line of bridge 


Width of Roadway...* • * 

Number and width of Footwalks...*. * 

Qass of Bridge. floor (solid or planking, etc).. 

Stringers........ • * 

Number of Street Car Tracks...* * 

Location ‘‘ .. 

Dimensions of Bridge Seat and Piers, if built...... 


Distance Floor to High Water.... 

" Low " .. 

Depth of Low Water... 

'' “ Ordinary Stage.... 

Distance Top of Floor to I^owest Point of Steel 
Work, if fixed by local conditions. ........... 

Character of River Bottom. ..................... 

Are Piles necessary for False Work?, . ... 

Distance to be Hauled....... .. 

Name of nearest Railroad Station.. 

Remarks... 
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TABI-E I. 


UNIFORM LIVE LOAD FOR THE TRUSSES. 



CLASS A. 



CLASS B. 


S^an 

feet 

Pounds per 
Lineal Foot of each 
Street Car Track 

Pounds per 
Square Foot 
of remaining- 
Floor Surface 

Span 

in 

feet 

Pounds per 
Lineal Foot of each 
Street Car Track 

Pounds per 
Square Foot 
of remaining' 
FloorSurface 

UP TO 

ICO 

1800 

100 

UP TO 

100 

1800 

80 

105 

1770 

99 

105 

1770 

79 

78 

110 

1740 

98 

no 

1740 

115 

1710 


115 

1710 

77 

76 

75 

74 

120 

1680 

96 

120 

1680 

125 

1650 

95 

125 

1650 

130 

1620 

94 

130 

1620 

135 

1599 

93 

135 

1590 

73 

140 

1560 

92 

140 

i<;6o 

72 

M 5 

153 *^ 

91 

145 

1530 

71 

150 

X500 

90 

150 

1500 

70 

^55 

H 70 

h 

155 

1470 


160 

1440 

88 

160 

1440 

165 

1410 

87 

165 

1410 


170 

1380 

86 

170 

1380 

66 

175 

1350 


175 

1350 

64 

180 

1320 

84 

180 

1320 

18s 

1290 


185 

1290 

63 

190 

1260 

82 

190 

1260 

62 

m 

1230 

81 

195 

1230 

61 

200 

12 CX) 

80 

200 

1200 

60 

anjmjvkk 

,1-“ 

1 

AND OVKK 



CLASS C, 


UP TO 

100 

X2a) 

80 

155 

1090 


105 

1190 

79 

160 

1080 

68 

110 

1180 

78 

■65 

1070 

67 

115 

1170 

77 

170 

1060 

66 

120 

1160 

76 

175 

1050 

6S 

125 

1150 

75 

180 

1040 

64 

130 

‘ 1140 

74 

1H5 

1030 

63 


1130 

73 

190 

1020 

62 

140 

1J20 

72 

^95 

lOIO 

61 

145 

mo 

71 

200 

1000 

60 

150 

1100 

70 

AND OVER 
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OOMPLETE SPEOIFlOATIOHS. 


TABLE r.—(CONTINXJED.) 
UNIFORM LIVE LOAD FOR THE TRUSSES. 


CLASS D. 


t” 

feet 

Pounds per 
Square foot 
of Floor 
Surface 

P TO 

Bo 

75 

8 o 


8 s 

78 

90 

77 

95 

76 

lOO 

75 

105 

74 

HO 

73 

II5 

72 

120 

71 

125 

70 

130 

69 

135 

68 

140 

67 

H5 

66 

ISO 

65 

155 

64 

160 

63 

165 

62 

170 

61 

60 

iBo 

5? 

185 

58 

190 


m 

56 

200 

AHDOVIR 

55 


CLASS K 

CLASS Bit 


Pounds per 
Lineal Foot of 

Spin 

Founds perr 
Lineal Foot of 

feet 

each Car Track 

feet 

each Car Track 

UP TO 


UP TO 


100 

i8oo 

ICO 

1200 

105 

1770 

los 

itm 

tim 

HO 

1740 

HO 

115 

120 

1710 

1680 

IXS 

120 

1170 

1160 

125 

1650 

125 

iim 

130 

1620 

130 

H40 

135 

1590 

135 

1130 

140 

1560 

140 

nao 

145 

1530 

14s 

mo 

150 

1500 

150 

I I(X> 

155 

1470 

155 1 

IC,K)0 

160 

1440 

i(n 


165 

T 410 

165 

1070 

170 

13 S 0 

170 

1060 


1350 


1050 

I So 

1320 

I Bo 

1040 

185 

1290 

185 

m%o 

lOD 

ia6o 


UUQ 

19 s 

1230 

m 

1010 

200 

1200 

2m> 

ICXJ0 

AND OVKR 
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TABLE II. 


MAXIMUM MOMENTS M, END SHEARS S, AND FLOORBEAM REACTIONS 
PER STRINGER FOR A CONCENTRATED LOAD OF 24, 18, 1*2 
AND' 6 TONS ON 2 AXLES lO FEET CENTRES. 


Span L in feet 

24 TONS 

Road and Track 
Stringers of 
Class A 

Track Stringers 
of Class B 

Track Stringers 
of Class El 

S=iR 
In lbs. 

Min 
foot lbs. 

10 

12000 

30000 

II 

13000 

33000 

12 

■ 14000 

36000 

13 

14800 

39000 

14 

15400 

42000 

15 

i(x>oo 

450(X) 

i6 

16500 

48000 

17 

16900 

51000 

i8 

17300 

56300 

19 

17700 

61900 

20 

18000 

67500 

21 

18300 

73100 

22 

18500 

^800 

23 

18800 

84500 

24 

19000 

90300 

25 

19200 

96000 

26 

19400 

IOI8OO 

27 


107600 

28 

19700 

113400 

29 

19900 

I19200 

30 

2oa>o 

125000 

31 

201CX) 

130800 

32 

203CX) 

136700 

33 

204} 00 

142 <5:00 

34 

20500 

1484a) 

35 

20600 

1543a) 

36 

20700 

i602CX) 

37 

20800 

I66I00 

33 

20800 

172000 

39 

20900 

177800 

40 

21000 

183800 


I_li 


18 TONS 

12 TONS 

Track Stringers 
of Class C 

Track Stringers 
of Class ]E2 

Road Stringers 
of Class B 

Road Stringers 
of Class C 

S«R 

M in 

S=R 

M in 

in lbs. 

foot lbs. 

in lbs. 

foot lbs. 

9000 

22500 

600c 

15000 

9800 

24800 

6500 

16500 

10500 

27000 

7000 

18000 

11100 

29300 

7400 

19500 

11600 

31500 

7700 

21000 

12000 

33800 

8000 

22500 

12400 

36000 

8300 

24000 

12700 

38300 

8500 

25500 

13000 

42300 

S700 

28200 

13300 

46500 

8800 

31000 

13500 

50600 

9000 

33800 

13700 

54900 

9100 

36600 

13900 

59000 

9300 

39400 

14100 

63400 

9400 

42300 

14300 

677a) 

9500 

45100 

144a) 

72000 

9600 

48000 

145CK) 

76300 

9700 

50900 

14700 

80700 

9800 

53800 

14800 

85000 

9900 

56700 

14900 

894 a) 

9900 

59600 

15000 

938a) 

10000 

62500 

X5IOO 

98100 

lOIOO 

65400 

152a> 

102500 

10100 

68300 

15300 

106900 

102CX) 

71300 

154a) 

1113a) 

10200 

74200 

154CX) 

115700 

10300 

77100 

155a) 

I20I00 

103a) 

80100 

i46x)o 

124500 

10400 

83000 

15600 

1 2<:)OC)o 

10400 

86000 

15700 

133400 

10500 

88900 

15800 

137800 

10500 

91900 


6 TONS 


Road Stringers 
of Class jD 

Span L in feet 

S»R 
in lbs. 

M in 
foot lbs. 


3000 

7500 

10 

3300 

8300 

11 

3500 

9000 

12 

3700 

9800 

13 

3900 

10500 

H 

4000 

11300 

15 

4100 

12000 

16 

4200 

12800 

17 

4300 

14000 

18 

4400 

15500 

19 


16900 

20 

4600 

18300 

21 

4600 

19700 

22 

4700 

2ITOO 

23 

4800 

22600 

24 

4800 

24000 

25 

4800 

25400 

26 

4900 

26900 

27 

4900 

28300 

29800 

28 

5000 

29 

5000 

31300 

30 

5000 

32700 

31 

5100 

34200 

32 

5100 

35600 

33 

5100 

37100 

34 

5100 

38600 

35 

5200 

40000 

36 

5200 

41500 

37 

5200 

43000 

38 

5200 

44500 

39 

5300 

45900 

40 
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table in. 


MAXIMUM END REACTIONS R OF FLOORBEAMS OF CLASSES E| AND B* FOR 
SINGLE AND DOUBLE TEACIC. 


SINGLE TRACK 



DOUBLE TRACK 



a 4 l« 
II 


Length 

L 

in ft. 

R» IN POUNDS. 

Class El 

24 Tons 

Class ¥M 
18 Tons 

lO 

12000 

9000 

II 

I3100 

9800 

12 

14000 

10500 

13 

14800 

IllOO 

14 

15400 

11600 

15 

l60(» 

12000 

16 

16500 

124CX> 

17 

I 69 (X> 

laytx) 

18 

17300 

I3txx) 

19 


I 33 (X) 

20 

I 8 (xx 5 

i 35 (K) 

21 

i83ck> 

1 

22 

i8<;<x> 


23 

iB8cx> 

i4i<x> 

24 

i9cxx> 

I 43 cx> 

25 

192CX> 

I 44 (X) 

26 

I9.}<x> 

i 45 fX) i 


i96fx> 

I47<x> 

28 

197 <X:) 

148cx> 

29 

I 9 CKX> 

I4t/x) 

30 

2axx:> 

1 5 CKXJ 

31 

2orcx> 

I5ifx> 

32 

20300 

152m) 

33 

204rK> 

I 53cX) 

34 

205fX> 

I 54 (X) 

35 

2c/xx> 

1 54 (X> i 

36 

207(x:> 

1 55 fx;> 

37 

2 <' dkK ) 


38 

2oS (. X > 

isfkx) ; 

39 

209a> 

I S 7 fx> 

40 

21000 

15H00 


Length 

in'it. 

in founds. 

ClftM El 

m Ton# 

Cl«»^ FJ 
18 T[\ms 

10 

24000 

l8<XX> 

11 

26200 

L9600 

12 

2HfXX5 

aicxx) 

n 

2 C/kXI 

a i2«) 

H 

3 oH<x> 

231fX> 

*5 

3J!CXK> 

24<M)0 

16 

33tX;c> 

a4HcKJ 

17 

33HfK> 

aqicKi 

18 

3.,|ficx> 

i^X ft x> 

19 


ai»fxxi 

20 

3fxrKKI 

2 7j H K » 

21 

3f/itx> 

27.|fxi 

22 

37* 


23 

37^x10 

aHifxi 

24 

381XX» 

i.Sixxi 

25 

3H|fXj 

aSH»x» 

26 

38,4 XJ 

< JX^XXI 

27 

39.‘fxj 


28 

3c|4rKj 


29 

39^^ XI 



4<x*xi 

3IXXH(» 

31 

44irxi : 

3uaf)*> 

3^ 

41XXX1 i 

1 

33 i 

4riHfxi j 

jrX'if X > 

34 : 

4HXX1 

3c j>H< f > 

35 

41 X > 

3^ X > 

36 

4i4<xi 

i 31# XXI 

37 

4ifxxi 

. 31 X1 

38 

4if*fX) 

1 31 X1 

39 

j 

' 3t4*«» 

40 

4ic:,xxi 

; 3UXX) 






























STANDARD BEAM BRIDGES FOR CLASS D 
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span under Coping is 2 feet less than length out to out of beams. 
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TABLE V. 

PERMISSIBLE COMPRESSIVE STRAIHS, 

pssstrain allowed in lbs. per sq. in.; l=«length; r«leftst radhw of gyra- 

tion; (both in inches). 


Soft steel; p- 


12 

r3,5O0r2 


Medium steel; p® 


pj 

-- 

ii,ooor^ 


-i-jsoft Steel MedSteel —’soft Steel MedSteel - Soft Steel I Med Steel 


lo 14900 


i6| 14720 


16850 50! 12660 13^50 90 


l^j 14840 16780 52! 12500 13650 93 9220 #10 

14! 14780 16710 54 12340 13440 94 9060 9430 


16610 56 12180 


96 8910 


ij| 14650 16510 58! 12010 13020 98 8760 

2c) 14560 16410 60 11840 12810 100 8610 

22I 14480 16290 62 11670 12600 101 

1 ! 

24] i440(j 16150 64 n5cx) I23<p [ifH, 


26 14280 16020 j66^ 11340 I i2iSi) \ It ifi 81 Ho 

I I I 

2.S 14180 15870 \ M \ 11140 11970 o*8| 8050 


30I 14070 

321 ^3940 


15710 170' noio ^ no 


11550 nn 


34 13810 74 | if'>^» 7 o 11350 I 114^ 

36 13690 15310 76>; 105LJO 11150 I 

38 13550 15030 j7Bj 10340 tiH'^ 

40 13420 X4B40 _Bd: I0180 107 5«.) : 120^ 


i.}o 6 o 1881 


10550 ' 125 


44 13120 14460 184 9B5f) 

r ' 

46 12960 14-80 iSr» 9%.,) loife ■ 135, 


9970 ^ 14^' 
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TABT-E vr. 


MAXIMUM BENDING MOMENTS ON PINS. 

With extreme Fibre Strains of 22000 pounds per square inch for Soft 
hteel, and 25000 pounds per square inch for Medium Steel. 


Diam. of Pin 
in Inches. 

Area of 
Pin in 
Square 
Inches. 

Moments in Inch- 
Pounds. 

^000 lbs. 
per sq. in. 

25000 lbs. 

> per sq. in. 

2 

3-142 

17280 

19600 


3-547 

20730 

23600 


3 - 97 C> 

246<x> 

28000 

2 h 

4.430 

289(x:) 

32900 

2 ^ 

4.909 

337 (K) 

38400 


5-412 

39 (xx) 

444CX) 


.':-940 

449 (x) 

5I(k.)0 

2% 

6.492 

5i3cx> 

S^^oo 

3 

7.069 


66"5<x> 


7,670 

659 <x) 

74 '.K >0 


8.296 

74KX1 

84300 


8.946 

83o<x) 

944 cx> 

3 i 4 

9 ■ 621 

CJjfKX) 

105 2 TO 

3% 

10.321 

1029CX) 

1 1 69TO 


11.045 

11 39 fx) 

1294TO 

3% 

11. 7<)3 

I256<k) 

1428CX) 

4 

12.566 

1382(10 

1 57 1 TO 

4H 

X3.364 

151600 

X 72300 

4 M 

14.186 

165800 

1884 TO 


3 r 5 -fU 3 

i8( )8(x> 

205 5<K) 

4 k 


kjXjSoo 

2237CX) 


I 6.81 H) 

2r37<K) 

242800 


17.721 

231 5(K) 

263ofX) 

4 /s 

18.665 

250200 

2H4CXX) 

5 

19-^35 

27( HHH) 

301 kScH) 

.Sjf) 

20.62f) 


3304 (K) 

5;.! 

21 6.|8 

3125f.x) 

355200 


22. X>9I 

3354 f'X') 

38ncx) 

5 

23-758 

359300 

4o83(:x) 

5 *61 

24.850 

384.} (X) 

4368 (X) 


25.967 

410600 

466f)(X) 


27. ICX} 

43Bcxx‘) 

497700 

6 

28.274 

4665 (X) 

530200 

6 M 

39 - 4'''5 

496300 

56.|(xxj 


50.680 

52730* 1 

599200 

6;i| 

31.919 


635900 


Sss 

OJ 3 

. 

a a 

t -4 


6% 

6% 

6t 

7 , 

1 % 

•jK 

7% 

7 %, 

SK 

8% 

8%' 

81 

9 , 

<)'4 

9 H 

<)4 

<)'4 

<)4 

9 -y 

91 

10 

10'^ 


11 

iij^ 

1 I 1 ^ 

12 


Area of 
Pin in 
Square 
Inches, 


33- 183 

34 - 472 

35- 785 
37 . 122 - 
38.48.5 
39-871 

41.282 
42.718 
44.179 
45*664 
47-173 
48.707 
50.265 
51.849 
.'> 3 - 4.‘;6 
5'>.088 

56.745 

58.426 

60.132 

61.862 

63.6x7 

65.397 

67.201 

69.029 

70.882 

72 760 

74.662 

76.590 

78. 54 

82,52 

86.59 

90.76 

95-03 

99.40 

103.87 

113.10 


Moments in Inch- 
Pounds. 


S 2000 lbs. 
per sq. in. 


26000 lbs. 
per sq. in. 


593 100 
628000 
664200 
701800 
740800 
781200 
823000 
866300 
911200 
957.500 
1005300 
1054800 
I105800 
1158.500 
12X2800 
1268800 
1326400 
1385800 
I4469CX) 
1509800 
1574500 
164x100 
X709400 
1779600 
1851800 
1925900 
2001900 
2079900 
2159900 
2325900 
2500200 
2683200 
2874800 

3 o 754 CX> 

3284800 

3732200 


674000 

713700 

754800 

797500 

841900 
887800 
935300 
984500 
1035400 
iC)88ioo 
T142500 
1198700 
1256600 
13x6500 
1378200 
1441800 
1507300 
1574800 
1644200 
I715700 
1789200 
1864800 
1942500 
2022300 
2104300 
2188500 
2274900 
2363500 
2454400 
2643100 
2841200 
3049100 
3266800 
3494800 
3732800 
424x200 


SHEARING AND BEARING VALUE OF RIVETS IN POUNDS 
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186 . General Specifications for Steel Railroad 
Bridges and Viaducts. The following' specifications are 
those issued by the Pennsylvania Railroad in January, 1901. 
The author believes they embody the latest and best practice in 
the four important particulars, assumed live loads, methods of 
analysis, character of material, and worlonanship. The engine 
live loads assumed correspond closely to Cooper’s “E40” engine 
loading, followed by a train load of 5000 pounds per linear 
foot. The tables which immediately follow these specifications 
will be found of great service in designing bridges under these 
specifications. In this connection the following recommenda¬ 
tions of a committee of the American Railway Engineering and 
Maintenance of Way Association (1902) are important. 

First. I'hat it is preferable for railroads to furnish detail 
plans of bridge work to bidders complete enough, at least, for 
a precise determination of the weight of the structure and for 
listing the mill orders by the successful bidder. If such draw¬ 
ings cannot be furni.slied, the alternative should preferably be 
full specifications, giving directions for the detail design of the 
structure, accompanied by a survey plan and all needed in¬ 
formation concerning the work; the bids in this case to be by 
the pound and not accompanied by a design, the detail plans 
to be made later by the railroad or contractor, as may be under¬ 
stood. 

Second. To invite a few parties (not always the same) 
to submit bids for the work. 

Third. Wlien detail plans are furni.shed, to ask for a lump 
sum bid or a pound price, as may be preferred by the pur¬ 
chaser ; hut when a specification only is furnished, to invariably 
ask for a pound price. 

Fourth. To award contracts for a.s large groups of bridges 
a.s can be fully defined consistently with recommendation No. 
I, and when retjuired by circum.stances to anticipate future re¬ 
quirements if necessary to protect the intcrc.sts of the railroad. 

h'ifth. That the question of erecting the work by railroad 
forces or by contract should depend upon the custom, organiza¬ 
tion and eqtfipment of each railroad concerned. 

SECTION I.— OKNERAr. REQUIREMENTS. 

I. Rolled steel will be used in general for all Materials, 
structures. Wrought iron will be u.sed for loop- 
welded rods. Cast steel will be u.sed for wedges, 
gearing, couplings and other important details of 
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drawbridge machinery. Cast iron will be used for 
minor details of drawbridge^ machinery, and for 
other work when expressly stipulated. 

Standard 2. Rolled-beam bridges and plate-girder 

Designs. bridges will in general conform to the Peiiiisylvatiia 
Railroad Company's standard drawings. The Rail¬ 
road Company will furnish diagrams showing the 
general dimensions of all truss bridges and of siicli 
special girder spans as are not covered by standard 
drawings. 

3 * Gauge of track is 4 feet 8| inches. Dis- 
^ * tance from centre to centre of double track is 12 feet 
2 inches unless otherwise specified, 
seSfonfOTruss ^ scction as per accompanying diagram 

Bridges, ^^^^nust be kept clear in single-track through briciges. 
Width to be proportionately increased for two or 
more tracks, and for curved line. 



!oft..ii ■ 


SEcrroN 2.— DATA FOR CAr.cair.Ai'mN. 


Assumed 

Dimensions. 


5. As a basis for caiculation assume the fol¬ 
lowing general dimensions:— 

A—Length:— 

(i.) Trusses.—Di.stance from centre to 
centre of end pins. 
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(2.) Riveted girders.—Distance from cen¬ 
tre to centre of bearings. 

(3.) Floor beams.—Distance from centre 
to centre of trusses. 

(4.) Track stringers.—.Distance from cen¬ 
tre to centre of floor beams. 

B—Depth:— 

(I.) Pin-connected trusses.—Distance 

from centre to centre of chord pins. 

(2.) Riveted trusses.—Distance between 
centi'es of gravity of chords. 

(3.) Riveted girders.—Distance between 
' centres of gravity of flanges, or dis¬ 
tance from back to back of flange 
angles if the latter dimension is the 
smaller of the two. 

6. In estimating the dead load the weight of 
timber shall be taken at 4 i pounds per foot B. M. 

7. The dead load shall be assumed as uni¬ 
formly distributed and made tin of:.- 

(i.) The net suspended weight of metal 
in the trusses and bracing. 

(2.) The weight of the metal lloor sys¬ 
tem (if any.) 

(3.) The weight of the wooden cross-ties 
or floor beams. 

(4.) 160 pounds per lineal foot of track, 
covering the weight of rails, splices, 
guard rails, &c. 

The above items of dead load to be properly 
distributed lietwecn tlie panel points of the loaded 
and the unloaded chords. 

8. In addition to the dead load, bridges shall 
be designed to carry on each track a moving load 
consisting of two coupled ^^Consolidation” engines, 
as shown in the following diagram, followed by a 
uniformly distributed train load of 5000 pounds per 


I 

^ ocb(b.di 


OXOIOIO 




i 


HI 


m. 


OIOIOXO 






Weight of 
Timber, 

Dead Load, 


I.ive Load. 
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lineal foot of track; the moving load to lie so placed 
as to, produce the greatest stress in each member 
« of the structure.^ 

Note—For all track stringers and floor beams, 
and for plate-girder spans not exceeding 110 feet 
in length, the maximum calcnlated stresses due 
to live load are given in Table A* 


Anchorage. 


Longitudinal 
Bracing of 


Wind Loads. g 'pj^g Wind presstife shall be assumed, acting 
horizontally in either direction;— 

(i.) At 30 pounds per square foot on the 
exposed surface of all trusse.s and 
the floor as seen in elevation, and on 
the side of a train lo feet high, be¬ 
ginning at 2| feet above the Itase of 
rail and moving acro.ss the bpdge. 
(2.) At 50 pounds per square foot on all 
exposed surfaces of the unloaded 
structure. 

The ^eater calculated stress will be used in 
proportioning the wind bracing. 

10. For determining the requisite anchorage 
for the loaded structure tlie train shall be assumed 
to weigh 800 pounds per lineal fcxit. 

l_i. For longitudinal bracing nf trestle towers 
and similar structure.s, the nicmientum pnidiimi by 
mentumof”' Suddenly .stopping the train .siiall be considered; the 
Train. Coefficient of friction of wheels .sliding upon rails 
being assumed as 0.2. 

CenSfugarWhen the .structure is on a curve the effect 
Force. duc to the Centrifugal force of as many trains as 

there are tracks shall be provided for (.see 'i’able C). 

SECTION 3.— DETERMINATION OF SKCTION.S. 

Strain Sheet. pj,g calculation of stresses produced bv 

the above-mentioned live and dead loatls will determ¬ 
ine the following values for earli member 

M Maximum caletilaled stress in mem¬ 
ber (compress or tension). 
m«=(i), Minimum calculated stress in 
members snbjectetl to one kind of 
stres_s only (all compressinn or all 
tension); or (2), ina.'cimiim calcti- 

•Thls corresponds dosely with Cooper's "EtO" loadine. esretn ih..i we h.u-e herr a 
train load of 6,000 lbs. per Hn. ft., wliere Cooper lias for this ease 4,<KW lbs. 





lated stress of lesser kind, in 
bers subjected to reversal ” 


Note. Minimum stress is understood to mean the abso¬ 
lute minimum; u e,, in a main diagonal or post of a simple 
span '^m'» equals the calculated dead-load stress minus the 
maximum calculated counter stress due to live load. 





m 

M 


14 . The maximum calculated stress (M) in Stress incre- 
each member shall be multiplied by the coefficient 
(i-j-k),and the resultant quantity, M (i+k), atiall 
be regarded as the equivalent static stress in the 
member. (For the value of k see Tables B and C.) 

X5. All members shall be so proportioned that Permissible 
the stress, M(iH-k), shall not cause the tensile unit StrMs®^”“ 
stress to exceed 15,000 pounds, nor the compressive 
unit stress to exceed 15,000 pounds properly re-' 
duced in accordance with Clause 16. 

16. For compression members, the unit stress Permissible 
of 15,000 pounds per square inch shall be reduced 
in proportion to the ratio of the length to the least 
radius of gyration of the section, by the following 
formula:— 


Where 


..... ^5iOOO ■ 

_ 

i3,500rS 

( p«permf«fiihle working stress per square inch 
in compression. 

I«3len||;t:h of piece in inches between centres 
of connections. 

I, r*-Ieast radius ot gyration of section in inches. 
(See Table D.) 


l 7 . The net section of the long hip-verticals 
-of tliroiigh bridges shall be 25 per cent, in excess anS Hangers! 
of the above requirements (see Clause No. 15), all 
details of tliese niein])ers being correspondingly 
straigthened. Short floor-beam hangers will be re¬ 
quired to jiave 50 per cent, excess of strength. 

t8. The same limiting unit stresses shall also Stresses 
be used for members strained by wind pressure or Bmcing: 
momentum of moving train, the stress increment 
being neglected in these cases. 
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Treatment of jo The StrCSS dUC tO 

be regarded as live load, and, when neceshary, a.Itl- 
tions shall be made to the sections of tnuss chords or 
girder flanges until the unit stress does not exm-i. 
17,000 pounds in tension nor i 7 ,a>o pounds, prop¬ 
erly reduced, in compression, , -r . 

In lateral bracing the stress due to cen rifuiptl 
force shall be increased 50 cent, and the un.t 
stresses provided for in Clause 18 shall he used. 

In the case of deck structures, when the curva¬ 
ture exceeds six degrees, the lower lateral hiaeing 
shall be designed to carry half the stre.s.s tine to cen¬ 
trifugal force, and properly tlesigncd .sway luacing 
shall be introduced to transfer the .stress from the 


upper to the lower system. 

Limittee Value 20. No Compression mcmlicr .shall h.ive a 
of-^. length exceeding too times its least radius of gyra- 

' tion, excepting wind bracing, in which the length 

may be 120 times the least radius of gyration. 

increaseofSec- ’ 21. In CESC the maximum stfwscs in choois of 

bridges, or posts of trestle towers, due to wind and 
Streas,4c. mornentum of train, added to the maximum stresses 
from vertical loading and centrifugal force, prop¬ 
erly increa-sed, shall cxcccil jp.ixio pounds per srpiatc 
inch (properly reduced for buckling in the case of 
compre.ssion menihcr.sU adilitioiis nniM he made »>i 
the sections until this limit is not cxcccdcil. 

R««rsaiof 22 . Slioukl tlic strcsscs hc rcvcrsol in anv pos 

sible ca.se, proper allowance must hc made for siu li 
reversal. 


Bendinif 
Moment Due to 
Floor Loads 
on Top ChofdH. 


23. When till! flirir rrMs ilirnilv tin i 

continuous top ciioriK the latter iiiiist hr prfip^ir 
tioned that the al^rhniir mini of p-r 

square inch in the outer fihrr^, rrHiihiiiij t!t< 

direct compression, and three hiuiili'i ut ilir 
mum bending moment (l!ie elioni heiitit ruiisidn* ! 
as a beam of one pane! leiigili, ^iip|«4frd af fi¬ 


ends), sliall not exceed die behuT mrnii<.!irt! liim* 
ing stress in compreHsion, the pi-Mpf’i* iiirifiiifc s 
being added to each kind of loailmg. llir hrmhi"^ 


moment at panel points shall he a^vmtird pqii:il fro 


opposite in direction to that at mid pane!. 
mcnt*of Jccon" Other member^ wliieli are ’aihierlrM! 

daryStrcMcs bending moment in addition to ilircat stre.xs are v* 
Due to Bend- similarly treated. 
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25. 10 insure the sttibility of bridg'es tinder stability 
increased live loads, a live load shall be assunaed 100 Sealed uve 
per cent. grea_ter than that previously provided for 

in this specification. If the resultant stress, M 
(1 4 -k),produces a stress per square inch in any 
member more than twice the permissible unit stress 
previously specified, additions must be made to the 
sections^ until that limit is not exceeded. Counters, 
having in no rase less tlian one and one-half square 
inches of section, must be provided where required 
by the increased live load ^ and in case of reversal 
of stress the member must be properly designed to 
resist such reversal. 

26. Pins and bolts are to be so proportioned S® 
that the maximum stress in the extreme fibres due 

to bending moment sliall not exceed 22,000 pounds 
per square inch for soft steel, nor 25,000 pounds per 
square mcli for pin steel, the centres of bearings of 
the mcmliers connected by the pin or liolt being 
taken as points of application of bending strains. 

^ 27 . llie Iiearirig pressure of pins, bolts or bearing 

nvefs upon the projected semi-intrados (diameter x 
thickness) of the Iiole, shall not exceed 26,000 

pounds per .s(]uare inch for rivets, nor 22,000 pounds 
per square incli for pins and bolts. 

_ 28. The .shearing stre,ss per square inch of sec- shear in 

tion on rivets, bolts or pins shall not exceed 11,000 

pounds for soft steel, nor 12,000■ pounds for pin 

ot tC 1 # 

“ 9 - Not sections must he u.sed in all cases in Sections. 
proporti(»ning tension menihers, and in deducting hUmb"™. 
rivet liiile.s tlicy .shall he taken J of an inch larger in 
ilianieter lluin the nominal size of the rivets. 

_ 30. In ilu! field-riveted connections of track ‘‘•iein-Riv- 
.stnngcrs and floor beams, the mimber of rivets de- n^tiS.”' 
lermmed by (he fort‘going rules must be increased 
33 1-3 l;i'r rent, in ;dl cases. Tn all other field- 
riveted j(lints a 25 iK‘r cent, excess of rivets will he 
icquiicd if hand <lrivt*n and a to per cent. cxcc.ss if 
satisfactory power riveters are used. 

31. Rivets with countersunk heads .shall he a.s- v«iue of 
•sumed to Iiave tliree-fourtlis the valne of correspond- iiivo« 
mg rivets with full heads. 

32. Riveted tension members .shall have a sec- KivetedTen- 
tion throngli the pin-hole 25 per cent, in excess of “c“on« 

tnt‘ net .section of the body of the member. The 
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Same Gross 
Section in Both 
Flanges of 
Plate Girders. 


Shear in Web 
Rivets. 

Plate Girders. 


Extra Rivets. 
Top Flanges of 
Plate Girders. 


Thickness of 
Web Plates. 


Rolled Beams 
and Channels 
m Girders. 


Minimum 

Sections. 


section back of the pin-hole shall he at K . : ; .r 

cent, of the section through the piii-holr. 

33. No allowance shall in gciuTa! ht* ju.nlr i-ir 
the web as resisting any of the bending niuim-ii! in 
plate Orders. The compression flange shall have 
the same gross sectional area as the tension flange. 
The unsupported length of the coiniirfS!.i.,in flange 
shall not exceed twelve times its width. 

34. In calculating the shearing .stresses .and 
bearing stres.ses in the web rivets of plate gir«lers, 
the whole of the shear, with its pruiier inerement, 
acting on the side of the panel next tlte abutment is 
t® be considered as transferred into the flange angles 
in a distance equal to the depth of the girder. 

35. In the case of the rivets connerting the 
upper flange angles with the web in deck girders 
carrying the fl(X)r directly on the top llanges, allow¬ 
ance must be made for the o)nceiitra!ed kwd of a 
I2| ton driver, which shall Itc consitk*red as tlistrl- 
buted over three ties. 

36. The thickness of web phates shall be such 
that the maximum calcu!.ated shear, with its proj^r 
increment, shall not cause the slieariiig stress per 
square inch of net .section of the welt to exceed 
13,000 pounds; but no web plate .sliall lie less than 
I of an inch in thickness. 

37. Rolled lie,'tins ami ch.annrU ssiliiectetl to 

bending stresses shall Iw so pri>|H>rlii'neil that the 
stre.ss per srjuare inch in the outer filters, deduced 
from the calculated bending inittnent ( with if. pniper 
increment) and the niotnenl nf inertia nf the sec¬ 
tion, .shall not be more than paim!** 'I'he 

unsupported length of the fop flanges nf siirli brattis 
and channcl.s shall in no ease lie greater than twelve 
time.s the flange witltli. 

38. I'or main members am! tin ir l•.,!^t1l•,•tions 
no nratcrial slnl! be used of l.-.s tliiikmss than ^ 
of an inch; and for laterals am! ilieir c.me-, titnis no 
material sludi be used <tf less fhi. lness than v ifi of 
an inch. Material of less thickness will hr iimuifted 
only for lining or filling vaeant spaers 

No materia! used in cnmiiressi,,n shall have an 
unstipported width nf more than fifty titiies :!% tltielc- 
ness. 

No lateral nr sway rod shall he u . d liaving 
less than one square inch of section, 
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SECTION 4.— DETAILS OF CONSTRUCTION. 

A.—Wooden Floor System. 

39. Cross-ties shall be of white oak spaced not 
more than six inches apart in the clear; and, in the 
case of all deck and half-through girder spans, and 
of through truss spans having steel floor stringers, 
the size of ties and all details of floor construction 
shall be as shown on standard plans. 

40. In the case of deck bridges with wooden 
floor beams, when the distance between centres of 
trusses exceeds 6 feet, the floor beams shall be pro¬ 
portioned for a bending moment produced by the 
weight of a pair of 25,000 pound drivers distributed 
equally over three floor beams, the extreme fibre 
stress in the floor beams not exceeding 1000 pounds 
per square inch. 

41. When the track is curved the outer rail is 
to be elevated as may be required, by cutting the. 
cross-ties or floor beams with the proper bevel. 

42. Guard rails of long-leaved southern pine 
or white pine, 6 by 8 inches in size, are to be placed 
outside of each track rail as shown on the standard 
floor plans; to be notched if inches over the cross¬ 
ties, and bolted down at every fourth tie and at 
splices with l-inch bolts. The guard rails are to 
be spliced over ties with half-and-half joints of 6 
inches lap. 


B.—General Details of Metal Work. 

43. Adju.stable members shall preferably be 
avoided, except in the case of counters of truss 
bridges. 

44. All through spans .shall have portals at 
each end. connected rigidly to end posts. They shall 
be as deep as the specified head room will allow, 
and provision sliall be inafle in the end posts to re¬ 
sist the bending .strain produced by the wind pres¬ 
sure. 

45. Deck bridges shall have diagonal sway 
bracing at each panel, of sufficient .strength to carry 
half the maxirtmm stress increment due to wind 
and centrifugal force. 

46. Pony trusses and half-tlirough girders 
shall be provided with knee braces or gussets at 


Cross-Ties. 


Wooden 
Floor Beams 
on Deck 
Trusses. 


Elevation of 
Rail on 
Curves. 


Wooden 
Guard Rails. 


Ad jus table 
Members. 


Portal 
B racing”. 


Sway 

Bracing. 


Knee Braces. 
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Expansion 

Rollers. 


Sliding 

Bearings. 

Stiff Lower 
•Chord and Hip- 
Verticals. 


Assumed 

Temperature 

Variation. 


Pressure on 
Masonry. 


Symmetrical 

Seciions. 


Camber. 


Connections 
for Wind 
Bracing. 


Web Splices. 
Plate Girders. 


COMPLETE SPECIFICATIONS* 

each floor beam or strut, and at the end if practicable. 

47. All bridges 8o feet or more in length shall 
have at one end nests of turned friction rollers run¬ 
ning between planed surfaces. Rollers shall be not 
less than 3 inches in diameter, and the pressure per 
lineal inch of roller, including the proper increment, 
shall not exceed 1200 / d (d » diameter of rollers 
in inches). 

48. Bridges less than 80 feet in length shall be 
free to move at one end on planed surfaces, 

49. Single track bridges shall have the lower 
chord end panels stiffened, whether the end posts 
are vertical or inclined; and all through spans shall 
have stiff hip-verticals. 

so. Provision shall be made for a free expan¬ 
sion and contraction of the completed structure cor¬ 
responding to a variation of temperature of 150 d®* 
grees Fahrenheit. 

51. Bed plates shall be so proportioned that 
the pressure upon masonry, including the proper in¬ 
crement, shall not exceed 400 pouiicls per scpiare 
inch. 

52. All sections shall preferalilv he made sym¬ 
metrical and the pins placed in the line of the neu¬ 
tral axis. 

53. All truss bridges with parallel rliords shall 
be cambered by making the top chord longer than 
the bottom chord, in the proportion of J inch bir 
each 10 feet of length. 

54. In every case the connections hetwc*en the 
wind bracing and the cbonls must he of greater 
strength than the wind bracing itself, and so di** 
signed as to avoid as far as possilile inducing lanal- 
ing moments in any nieml)ers of the structure ; and 
such connections must be capable of transferring the 
longitudinal components of the wind stresses into 
the main truss chords in a direct and satisfactory 
manner, or a separate chord must he used for the 
lateral system. 

C.—Riveted Work. 

55. Web plates of girders must he spliced at 
all joints with a plate on each side of the w eb. c^apa 
ble of transmitting the full shearing stress tlirongh 
the splice rivets. 
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56. In members subject to compression, rivets 
shall be so spaced that they shall not be farther apart Smp?fssion 
in the direction of the stress than 16 times the thick- 
ness of the thinnest external plate connected, and not 
more than 50 times that thickness at right angles to 
the direction of stress. 

At the ends of compression members the Pitch 
pitch shall not exceed 4 diameters of the rivet, for a o>mp?esioa 
distance equal to twice the greatest width of the 
member. 

58. All joints in riveted work, whether in ten- Splices, 
sion or compression members, must be fully spliced. ' 

59. The distance from the edge of any piece to pShT 
the centre af a rivet hole must be not less than i 4 Rivets, nis- 
times the diameter of the rivet, nor exceed 8 times Ed'glS°” 
the thickness of the plate; and the distance between 
centres of rivet holes shall not be less than 3 diame¬ 
ters of the rivet. 


60. All segments of compression members Tie-Riates. 
connected by lacing only shall have tie plates placed 

as near the ends as practicable. The tie plates shall 
have a length not less than the greatest width of the 
member, and a thickness not less than one-fortieth 
of the distance between. the lines of connecting 
rivets, measured at right angles to the length of' the 
member. 

61. Single lattice bars shall have a thickness of ^ars. 
not less than 1-40 and double bars connected by a 

rivet at the intersection of not less than 1-60 of the 
distance between their rivets connecting them to the 
member; and their width shall be:— 


For 15-inch channels, or built'i 

sections with 3|-- or 4-inch I 2^ inches (^-inch rivets), 

angles. .' 

For 12- and lo-inch channels, 
or built sections with 3-inch 

angles. 

For 9- and 8-inch channels, 

or built sections with 2j-inch 12 inches (^-inch rivets.) 
angles .J 

The distance between connections of the lattice 
bars shall not exceed 8 times the least width of the 
segments connected. 

62. All pin-holes shall be reinforced with addi- Plates, 
tional material when necessary, so that the permis¬ 
sible pressure on pins shall not be exceeded. These 


j>2|- inches (f-inch rivets.) 
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Wide Girder 
Flanges Re¬ 
quiring 4 Rows 
of Rivets. 


Length of 
Cover Plates. 
Plate Girders. 


Webb Stiffen¬ 
ers. Plate 
Girders. 


Character of 
Rolled Steel. 


Phosphorus 
Limit. Acid. 
Open-Hearth 
Steel. 

Phosphorus 
Limit. Basic 
Open-Hearth 
Steel. 

Surface 

Requirements. 


reinforcing plates must contain enough rivets to 
transfer the proportion of pressure which comes 
upon them in accordance with the previously 'stated 
rules for proportioning rivets. 

63. Flanges of plate girders running over 14 
inches in width, or projecting more than 3 inches 
beyond the edge of flange angles, shall have at least 
four lines of rivets. 

64. In all plate girders having cover plates, at 
least one plate on each flange shall extend ^rom end 
to end of the same, and, in general, cover plates shall 
be made of such lengths as to allow of at least two 
rows of rivets of the regular pitch being placed at 
each end of the plate, in addition to those theoreti¬ 
cally required. 

65. ^ The webs of plate girders shall have stiff¬ 
eners riveted on both sides, with a close bearing 
against upper and lower flange angles, at the ends 
and inner edges of bearing plates, and at all points 
of local and concentrated loads; and also when the 
thickness of web is less than 1-60 of the unsupported 
distance between flange angles, at points throughout 
the length of the girder, generally not farther apart 
than the depth of the full web plate, with a maxi¬ 
mum limit of 5 feet. 

SECTION 5.-MATERIALS. , 

A.—Rolled Steel, 

1. In general, soft steel will be used in all 
parts of the work. For pins,, lateral bolts and ex¬ 
pansion rollers, however, medium steel will be used. 
All steel must be made by the open-hearth process, 
and may be either basic or acid, at the discretion of 
the Chief Engineer. 

2. If made in an acid furnace, the maximum 
allowable amount of phosphorus in the finished pro¬ 
duct shall be six-hundredths of one per cent. 

3. If made in a basic furnace, the maximum 
allowable amount of phosphorus in the finished pro¬ 
duct shall be four-hundredths of one per cent. 

4. The finished product shall be perfect in all 
parts and free from irregularities and surface imper¬ 
fections of all kinds. All steel must be free from 
piping. 
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5. No difference of more than two and one- 
half per cent, from the section shown on the plans 
will be permitted, except in the case of extra wide 
plates. 

6. Every finished plate, bar or angle shall be 
plainly stamped on one side, near the middle, with a 
number identifying the melt. Steel for pins shall 
have the melt numbers stamped on the end. Rivet 
steel and small piecesj* not forming part of the calcu¬ 
lated section of members, may be shipped in bundles 
wired together, with the melt number on a metal 
tag attached. 

B.—Cast Steel 

7 . Cast steel shall be made in an open-hearth 
furnace, and shall fulfill the following requirements: 

(a) All steel castings shall be annealed. 

(h) . Every steel casting shall be made with a 
coupon for testing, which coupon shall be cut off 
after annealing, and the test shall be made from a 
f-inch round cut from the coupon. The te.st piece 
shall show an ultimate strength of at least 65,000 
pounds, an elastic limit of not less than 33,000 
pounds, an elongation of at least 15 per cent, in two 
inches, and a reduction of area of 20 per cent, at the 
point of fracture. 

{c) When the bearing surface of any steel IfeJil: 
casting is finished, there shall be no blow-hole visible 
exceeding one inch in either dimension, nor exceed¬ 
ing" one-half a square inch in area. The length of 
blow-holes cut by any straight line laid in any direc¬ 
tion shall never exceed one inch in any one foot. 

C .—General Tests. 

8. A sample bar not more than two inches Sample Bar. 
wide, and having a sectional area of not less than 
one-half a square inch, shall be cut from the finished 
product of every melt. When taken from metal 

more than two inches thick, the sample may be a 
turned, round bar. The laboratory tests shall be 
made on this sample bar in its natural state, without 
annealing. 

9. When a melt is rolled into several varieties 

of material, each variety shall be separately tested, be leSd!" 
A variety shall consist of one of the following 
shapes: Sheared Plates, Universal Mill Plates, 

OTt ^ 


Permissible 
Excess ol 
Weight. 


Marking- 

Finished 

Pieces. 


Cast Steel. 
General. 
Annealing of 
Steel Cast¬ 
ings. 

Tests of Steel 
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Measured 
Length of 8 
Inches for 
Elongation 
Test. 

Bending Test. 


Drifting Test. 


Ultimate 
Strength, Elas¬ 
tic Limit, &c. 


Fracture. 

Minimum 

Limits. 


Duplicate 
Tests, When 
Allowed. 


Chemical 

Analyses. 


Beams, Angles, Channels, Z Bars, Flats, Rounds, 
Pin Steel, Eye-bar Steel. 

10. In the laboratory tests, mea.surements to 
determine elon^tion shall be made on an original 
length of eight inches. 

11. A piece of each sample bar .shall he bent 
cold i8o degrees, and closed up again.st it.self. In 
the case of *‘pin steel” the te.st shall he cimsiilered 
satisfactory if no crack nor flaw appear on the out¬ 
side of the bent portion until tlie diameter of (he cir¬ 
cle around which the specimen is bent has become 
less than the thickness of the sample bar. Samples 
of “soft steel” will be further required to close uijon 
themselves without developing any crack nr flaw on 
the outside of the bent portion before the te.st shall 
be considered Satisfactory. 

12. The ductility of the metal must be such 
that a punched hole | inch in diameter, the center of 
which is not moare than one am! one-li.ilf inches 
from,the sheared or rolled edge of the piece, may he 
enlarged by drifting to a diameter 50 per cent, 
greater than the original hole without cracking the 
specimen at any point. 

13. The sample bar shall be tested in a lever 
machine, and .shall fulfill the following require¬ 
ments : 



Ultimate 

Strength. 

1 

I.imiL , 

u*»n. 

nl A If 4 

PinStfd. 

Soft Steel . 
Rivet Steel.. 

62.0(K) to 7h.(W» Ihi. 
52,000 tn m.fWO 
48,000 to 56.000 Ibi.j 

%%m) iiw ; 
iiw 1 

17 per I! 
i '5 }trr 1 f 

1 |#rr r! 

Of |Jff » ! 
f4l |»rf < » 

1 M jiff i 1, 


14. The entire fracture shall be silkv, 

15. The requirements for i'ilasiic I .imit,. i-'Jini- 
gation and Reduction of Are,i are miiiiinu. and no 
steel will be accepted which fails to niei t iliese re 
quirenient.s, except as provided in danse rf> 

16. Duplicate tests may be made when the 
.sample te.sted ftilfilLs five or the six requirements. If 
the second te.st and also the average of hoth fe.is 
meet all the requirements the melt may be accepted. 

i 7 . Analyses shall he made showing the amount 
of phosphoru.s, carhon, snlplnir, silicon and iiian- 
gane.se whenever required, the drillings for these 
analyses being taken directlv from the finish.-d ma¬ 
terial. 
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]D, Fiill-Sised Eye-bar Tests, ' 


i8. The eye-bars .required for full-sized tests 
and those required for the structure shall be made 
at one time. The test bars shall be selected bv the 
inspector and must be fair average specimens of 
those which won d be classed as good bars, accept¬ 
able for the work. No bar which is known to be 
defective in any way shall be selected for testing. 

^9- The test bars shall show an elastic limit of 
not less than 27,ooo pounds and an ultimate strength 
of not less than 48,000 pounds per square inch of 
section. 

20. The test bars will be required to develoo 

an average stretch of 16 per cent, and a minimum 
stretch of 14 per cent, before breaking. The elon- 
iration to be measured on a gauged length of 10 feet 
including the fracture. ' 

21. The specified elongations are minima, and 
a failure in these requirements will be sufficient 
cause for condemning the. bars represented bv the 
test. 

22. In general, bars will be required to break 
m the body. When a bar breaks in the head biV 
develops 14 per cent, elongation before breaking, a 
second bar shall be selected from the same lot. ’if 
this bar breaks in the body and the average elonga¬ 
tion of the two bars is not less than 16 per cent., the 
bar's of this lot may be accepted. 

23. If more than one-third of all the bars tested 
break in the head, this shall be deemed sufficient 
cause for the rejection of the entire bill of eye-bars. 

SECTION 6.—WORKMANSHIP. 


Selection of 
Eye-Bars for 
Test. 


Elastic Limit 
and Ultimate 
Strength ot 
Test Bars. 


Elongation of 
Test Bars. 


Minimum 
Limit of 
Elongation. 


r.ocation of 
Fractures. 


Condemna¬ 
tion if Bars 
Break in 
Head. 


24. All workmanship must be of the best kind 
now in use. Where there is anv uncertainty as to 
the quality of the work required by the plans or 
specifications, it shall be the duty of the inspector to 
require the best class of work which any interpreta¬ 
tion would admit of. 

25. All plates, angles and shapes shall, when straighiening 
necessary, be carefully straightened at the shop be- 

fore assembling. 

26. The nominal size of rivets shown on the 
plans shall be understood to be the actual size of the 
cold rivet before heating. 
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Rivet Hole 1-16 
Inch Larger 
than Cold 
Rivet. 


Reaming all 
Holes When 
Material Ex¬ 
ceeds 6-8 Inch 
in Thickness. 


Reaming Must 
be Done After 
Assembling. 


Cleaning and 
Painting Con¬ 
tact Surfaces. 


Abutting Sur¬ 
faces to be 
Faced. 


Compression 
Members to be 
S^traight. 
Facing Bearing 
Surfaces. 

Web Stiffeners 
to Bear. 


Flange Angles 
of Stringers 
Must be Square 
and Straight. 


27 . Th^ diameter of the finished rivet hole shall 
be not more than one-sixteenth of an inch greater 
than the diameter of the cold rivet, and shall always 
be of such size that the hot rivet shall not drop freely 
into the hole, but shall require a slight pressure to 
force it in. 

28. Soft steel up to a thickness of f inch may 
be punched without subsequent reaming. Soft steel 
of greater thickness than f inch must be punched 
with holes J inch less in diameter than the size, of the 
rivets shown on the drawings, and the holes then 
reamed to the proper size. 

. 29. All reaming of rivet holes must be done 
after the various pieces have been punched and as¬ 
sembled. After reaming, every hole shall be entirely 
smooth, showing that the reaming tool has every¬ 
where touched the metal. 

30. Before assembling, the several pieces shall 
be cleaned. The surfaces in contact shall then be 
painted with one heavy coat of red-lead paint, and 
the parts assembled while the paint is fresh, and then 
reamed and riveted up. 

■31. All abutting surfaces of compression mem¬ 
bers (except the flanges of plate girders) shall be 
carefully faced so as to have even bearings after they 
are riveted up complete. Abutting members fitted 
with splice plates must be brought into close and 
forcible contact, and the rivet holes reamed in posi¬ 
tion before leaving the works; the splice plates being 
marked so as to go in the same position in erecting. 

32. Compression members must be straight 
and free from kinks or buckles in the finished piece. 

33. All bearing surfaces shall be truly faced. 

34. The web stiffeners of plate girders shall in 
all cases have a close bearing against the flange 
angles. 

35. The flange angles of stringers must be 
square and straight. The outside edges of the top 
angles carrying the cross-ties must never be above a 
true plane, and not more than 1-16 inch below a true 


Finishing Ends 
of Stringers 
and Floor 
Beams. 


plane coincident with the roots of the angles. 

36. The ends of all stringers and floor beams 
shall be squared in a facer. The header angles of 
stringers and floor beams shall be perfectly square 


and so accurately fitted that when the ends of the 


stringers and, floor beams are faced to the figured 
length, the amount of metal removed shall not reduce 
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the thickness At the roots of the header angles by 
more than i-i6_inch while securing a true surface 
for the whole width of the connection. 

37. In aH fields connections, except for lateral 
and sway bracing, the various parts to be .riveted to¬ 
gether shall be assembled in the shop, and all open 
holes shall be reamed out while the parts are so as¬ 
sembled; or an iron templet at least one inch thick 
shall be made and all parts reamed to fit this templet.' 

38. All rivets, whether driven by power or bv 
hand, shall be .regular in shape, with hemispherical 
heads (conformable in shape and size to the standard 
templets of the Pennsylvania Railroad Company) 
concentric with the axes, absolutely tight, and shall 
completely fill the holes. Tightening by caulking or 
recupping will not be allowed. 


Field Connec¬ 
tions to be 
Shop-Fitted. 


Shape of 

Rivet-Heads, 

&c. 


39. After the working is completed, eye-bars Annealings 
shall be annealed in a suitable annealing furnace By 
heating them to a uniform dark-red heat and allow¬ 
ing them to cool slowly, 

40 . The thickness of the heads of eye-bars Heads of 
shall not be more than i-i6 inch greater than the 
thickness of the bar; the form of the heads to be de¬ 
termined by the dies in use at the works where the 

bars are made, provided that the heads shall be of 
sufficient streng:th to Break the body of the bar. 

4^* Eye-bars shall be bored truly and at exact Boring Eyes 
distances, the pin-holes to be in the axis of the bar ^ Bars, 
and exactly at right angles to the planes of the flat 
surfaces. 


42. When all the bars of the same panel are 
piled together, it shall be possible to pass the pins EySSars! 
thmugh both pin-holes at the same time without 
driving. Every bar shall be tested for this require¬ 
ment. 

I 43. Pins up to 7 inches in diameter shall be 
rolled. 


44. All pin-holes in riveted members shall be 
bored or drilled, after all other work is completed. Members. 
They shall be bored parallel with each other and at 
right angles to the axis of the member, and no varia¬ 
tion of more than 1-32 inch will be allowed in the 
length between centres of pin-holes. 

45- . All pin-holes shall be bored with a sharp 
tool making a clean, smooth cut. Roughness in pin- Pin-Hoies. 
holes will be sufficient reason for rejecting a whole 
member. 
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Play in Pin- 
Holes. 


Shop Measure¬ 
ment Between 
Pin-Holes. 


Finished Size 
of Pins. 


Cleaning and 
Oiling" all Ma¬ 
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faces. 
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Indemnitj^ fr< 
Patent Suits. 


COMPLETE SPEOIPIOATION8. 

46. All pin-holes shall be borml to fit the pins 
with a play not exceeding 1-32 inch, 

47. Shop measurements shall he made between 
the bearing edges of tension or compression mem¬ 
bers, with a proper allowance for the diameter of the 
pin. An iron standard of the same temperature as 
the piece measured shall always be used. 

48. All pins shall be accurately turned to a 
gauge, and shall be of full size throughout. 

49. In general, all material shall be cleancfl, 
and if necessary scraped, and given one coat f)f 
boiled linseed oil after inspection and before ship¬ 
ment. 

50. All inaccessible surfaces shall be given one 
heavy coat of red lead in raw linseed oil before .ship¬ 
ment. 

51. All machined surfaces .shall be cleaned, 
oiled and given a heavy coat of white lead and tallow 
after inspection and before shipment. 

52. Sub-contractors are fully bound by these 
specifications in every respect, and free access and 
information is to be given by them for thorough 
inspection of material and workmanshij), and all re¬ 
quired test piece.s, etc., properly shafieti, arc to l>e 
provided, as may be requested, without charge. All 
shipments of materia! not properly insperteti and 
passed are at the ri.sl< of the principal contractor. 

53. In all cases, figured dirnen.sions on draw¬ 
ings are to be taken in preference to any measure¬ 
ments by scale, and no alterations are to he* made 
unless authorized in writing by the Chief Engineer 
or the Engineer of Bridges. 

General Clauses. 

I. Bidders shall submit sealed proposals in 
conformity with the term.s named in the letter of in¬ 
vitation. When so required the proposal sliall he 
accompanied by a strain sheet, with full information 
as to calculated stresses and .sizes of all material. 

‘ 2. The contractor shall hear the cost of any 

suit which may ari.se, and shall pay all damag<'s 
which may be awarded in con.sequence of the u.se liv 
said contractor of any patented device in the con¬ 
struction of any bridge or other work un(i**r these 
specifications and for the u.se of tlie Pennsylvania 
Railroad Company. 
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3- Iniii^cdiAtcIy after the award of a contract Detail 
for bridge or other structural work, a complete set 
of drawings in detail, including the strain sheet above 
mentionedv shall be furnished by the contractor; the 
drawings to be made on the dull side of tracing linen 
and the size of each drawing to be 24 inches by 36 
inches. Blue prints of these drawings shall be sub¬ 
mitted to the Chief Engineer of the railroad company 
for his approval before work is begun in the shop. 

After approval of the drawings the contractor 
shall furnish the Chief Engineer with 3 sets of prints 
for temporary use during the progress of the work, 
and upon completion of the work the original tracings 
shall be permanently filed in the office of said Chief 
Engineer. 

Wm. H. Brown, 

Wm. a. Pratt, _ Chief Engineer. 

Engineer of Bridges. 

January i, 1901. 
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TABLE A. 

LIVE LOADS—SPANS FROM 5 TO IIO FEET, 


Moments. 

1 Rail. 

Foot-pounds. 

Shears. 

1 Rail. 
Pounds. 

Cross-gird« 
Reactions 
1 Rail. 
Pounds. 

31300 

■ 25000 

25000 

37 SOO 

25000 

2570O 

43800 

26700 

31400 


28900 

35800 


30600 

39100 


32500 

41800 

68800 

34100 

44000 


35800 

47700 


38100 

50800 

IIOOOO 

40100 

53400 


41800 

56400 


43300 

59100 


45300 

61400 


47700 

63400 


49800 

65300 

209000 

51700 

66900 

227900 

53400 

68500 


.55000 

69800 


56400 

71500 


57800 

73200 


59000 

75500 

Be ;! 

60500 

77500 

Be \i 

61900 

79400 


63200 

81100 

40170c 

64400 

83000 


65500 

85000 


67600 

896CO • 


69400 

93600 


71900 

97900 


74100 

102700 


76200 

107000 


78700 

111500 


81000 

I I6000 


83000 

120400 


85600 

125200 

938700 

87900 

r 29800 

1099300 

93900 


1277300 

99300 


1473000 

104000 



109500 



115700 


WSSfi 

122300 


2393000 

129400 


2666100 

135900 


2939200 

142300 


3214600 

148100 


3500600 

153500 

. . 


159700 



Equivalent Uniform Loads in 
Pounds per foot of Track. 


Moments. 

Shears. 

Cross- 
„ girder 
Reactions. 





20000 

16670 

14280 

12500 

lino 

10000 

9090 

8710 

8850 

8980 

9000 

8940 

8830 

8690 

8530 

8360 

8370 

8250 

8300 

8140 

8060 

7960 

7860 

7750 

7640 

7 S 40 

7390 

7230 

7060 

6880 

6700 

6520 

6350 

6200 

6080 

6010 

5810 

5680 

5580 

5480 

5400 

5340 

5300 

5270 

5210 

5140 

5080 

5030 


20000 
16670 
15260 
14450 
13600 
13000 
12400 
11930 
11720 
11460 
11150 
10830 
10660 
10600 
10480 
10340 
10170 
10000 
9810 
9630 
9440 

9310 

9170 

9030 

8880 

8730 

8450 

8170 

7990 

7800 

7620 

7500 

7360 

7220 

7130 

7030 

6830 

6620 

6400 

6260 

6170 

6X20 

6090 

6040 

5990 

5920 

5850 

5810 


10000 

8570 

8970 

8950 

8S00 

8360 

8000 

7950 

7830 

7630 

7520 

7390 

7320 

7040 

6870 

6690 

6520 

6350 

6220 

6100 

6040 

5960 

5880 

5790 

5720 

5670 

5600 

5510 

5440 

5410 

5350 

5310 

5270 

5230 

5220 

5190 
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COEFFICIENTS OF STRESS INCREMENT. 

Case 1 .—Stresses of one kind only—all compression or all tension. 


k. 

R. 

k. 

R. 

k. 

R. 

k. 

R, 

.000 

0.79 

.117 

0.58 

.266 

0.37 

.460 

0.16 

•005 

.78 

. 124 

•57 

.374 

•36 

•479 

•15 

.010 

•77 

•130 

•56 

.282 

•35 

.482 

.14 

.015 

.76 

.136 

•55 

.290 

•34 

•493 

•13 

.020 

•75 

•143 

•54 

.299 

•33 

•504 

. 12 

.026 

•74 

.149 

•53 

■307 

•32 

•515 

.11 

•031 

•73 


•52 

.316 

•31 

•527 

.10 

.036 

.72 

.163 

•51 

•325 

•30 

•.538 

.09 

.042 

•71 

. 170 

•50 

•333 

.29 

•550 

.08 

.047 

.70 

.176 

•49 

.342 

.28 

563 

.07 

■053 

.69 

.183 

,48 

•351 

.27 

•575 

06 

.058 

.68 

• 190 

•47 

•361 

.26 

•587 

•05 

.064' 

.67 

.198 

46 

•370 

•25 

.600 

.04 

,070 

. 66 

.205 

•45 

•379 

.24 

.613 

•03 

•075 

•65 

.212 

•44 

•389 

•23 

.626 

.02 

.081 

.64 

,320 

•43 

•399 

.22 

•639 

.01 

,087 . 

,63 

.227 

• 42 

.408 

.21 

•653 

.00 

093 

.62 

•235 

.41 

.418 

. 20 

.667 


.099 

.61 

.242 

.40 

.429 

.19 

.681 


.105 

.60 

250 

•39 

•439 

.18 

•695 


.III 

.59 

.258 

•38 

•449 

.17 

.709 
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TABLE D. 

PERMISSIBLE COMPRESSIVE STRESSES. 

1 —length of piece; r=least radius of gyration (both in inches). 




1 

r 

P 

1 

r 

P 

1 

r 

P 

1 

r 

10 

14900 

38 

13550 

66 

11340 

94 

12 

14840 

40 

13410 

68 

. 11170 

96 

14 

14790 

42 

13270 

70 

IIOIO 

98 

16 

14720 

44 

13120 

72 

10840 

100 

18 

14650 

46 

12970 

74 

10670 

102 

20 

14570 

48 

12820 

76 

10510 

104 

22 

144S0 

50 

12660 

78 

10340 

106 

24 

1,4380 

52 

12500 

80 

10180 

108 

26 

14280 

54 

12340 

82 

lOOIO 

no 

28 

14170 

56 

, 12170 

84 

9850 

II 2 

30 

14060 

58 

12010 

86 

9690 

II 4 

32 

13940 

60 

11840 

88 

9530 

116 

34 

13820 

62 

11670 

90 

9370 

118 

36 

13690 

64 

11510 

92 

9220 

120 



9070 

8910 

8760 

8620 

8470 

8330 

8190 

8050 

7910 

7780 

7640 

7510 

7380 

7260 
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TABtK E* 

MAXIMUM BENDING MOMENTS IH FINS, 

With extreme Fibre Stresses of a 30 oo pounds per tgotre Inch for Soft 
Steel, and 25000 pounds per square inch for Medium HtceL 


d 

oxt 

0 

Area of 
Pin in 

Momen-ts in Inch- 
Pounds. 

6 ° 
iS d 

Square 

Inches. 

22000 lbs. ^000 lb«. 



per sq. in, per In, 


per sq In. ||}«r if|. ia. 


3-142 

3-547 

3 - 976 

4 - 430 

4.909 

5.412 

5 - 940 
6.492 
7.069 
7 670 
8.296 
8.946 
9.621 

10.321 

11.045 

11.793 

12.566 

13,364 

14.186 

15-033 

17-721 

18,66s 

19-635 

20.629 
21,648 
22.691 
23-758 
24.850 
25.967 
I 27.109 
28.274 
29.465 
30.680 

31-919 


17280 
20730 
24600 
28900 
33700 
39000 
44900 
51300 
58300 
65900 
74100 
83000 
92600 
102900 
113900 
125600 
i3boo 
151600 
165800 
180800 
196800 
! 213700 
231500 
250200 
270000 
290700 
312500 
335400 
359300 

410600 

.38000 

466500 

496300 

527300 

559600 


28000 
32900 
38400 
44400 
51000 
58300 
66300 
74900 
84300 
94400 
105100 
116900 
129400 
142&0 
I57100 
172300 
188400 
205500 
22370D 
241800 
2630OD 
284000 
30Cj8oo 
330400 

3 < 5 S 2 cx> 
381100 
408300 
436800 
466600 
497700 
530200 
564000 
599200 
635900 ; 


33- 183 

34- 472 

35 - 7 % 
37.121 

38.485 

39.871 

41.281 

43.718 

44.1m 

45.664 

47-173 

48,707 
50.365 
51.849 

53-4^6 

.*56.745 

SB.416 
fm. 13a 
6i,B6i 

63.617 

65.397 

67.301 
69,019 
70.881 
71.760 
74.f^i 
76.5*)0 
78.44 
Ha. 51 

86,59 
9^076 
95.03 
9f).40 
103.87 
113.10 


i3ar*.|«j 

I5073fx» 

i385Hor> 

1574800 


1644300 

I 

1715700 


17%300 


1864800 


UhUsm 

1 7 7 */^ Ml 


lH5iHe)o . 

aio.t'ioo 




iJ74^x>o 

j 




! 

164-111x1 



2US 

3m40IM> 

> 

3i66Koifi 


349|«fx^ 

3a\|HfM> j 

37318011 

373*'' 1^X1 
















SHEARING AND BEARING VALUE OP RIVETS IN 
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Bearing Value for Different Thicknesses of Plate in Inches 

AT 26000 Pounds per Square Inch. 

w 
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00 
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“O 

H 

R 

VO 

to 

H 

o 

t>. 

00 

x>. 

H 

. inloo 


O 

to 

2 

3 

M 

M 

0 

<N 

Th 
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o 

to 

d 

VO 



H 

Ov 

R 

S' 

s 

0< 

c 


0 

(N 

VO 

•v 

Hn 

a 

VO 

O 

M 

00 

R 

0^ 

R 

to 

o 

8 

CO 


J 

li 

0 

\ O 

M 

0 

fO 

to 

00 

R 

Ov 

Ov 

0 

r>. 

CO 

H 

rloo 

O 

00 

rt" 

1 O 

1' 

o 

M 

CO 

tN. 

0 

cO 

to 

00 . 

0 

to 

JO. 

OV 

< 

§ 


2, 

J 

A 

o . 

0 

(N 

oo 

Single 
Shear at 
11000 lbs. 
per Square 
Inch. 

O 

VO 

<N 

R 

fO 

fO 


■ 

'0 

M 

vO 

VO 

R 

VO 

CO 

Area of 
Rivet in 
Square 
Inches. 

V^ 

Ov 

6 

00 

'8 

rn 

6 

00 

H 

Th 

"T 

0 

CO 

O 

VO 

d 

tH 

to 

00 

t>. 

d 

Diam. 
of Rivet 
Inches. 

-lie* 

us|oo 

eolrl* 

l^loo 

tH 


All Bearing^ Values above or to right of upper Zigzag Lines are greater than Double Shear. 
Values below or to left of lower Zigzag Lines are less than Single Shear. 
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TABLE G. 

CENTRIFUGAL FORCE FOR DIFFERENT SPANS AND DEGREES OF V \ rURE —OJIK TRACK 

Formula C—220 D (i-f ) 

C«Centrifugal force in pounds per lineal foot of track. 

D=Deg‘ree of curvature. 

S=:^an in feet. 

Coefficient 220 is reduced by 12 for each degree of curvaitire above 8 degret• 


Span in 
Feet. 


25 


30 


40 


60 


200 


300 


1 - 

Degree 

Curve. 


360 


330 


320 


300 


3 - 

Degree 

Curve, 


730 


670 


630 


270 

250 

230 


230 


580 


540 


500 

470 


460 


2 "jn A cn 


Degree 

Curve. 


1090 


1000 


9.^0 

880 


4. 

Degree 

Curve. 


1450 

1340 


1260 
1170 


8(X) 


750 


7 CK) 

690 


1070 


KXX> 


5 - 

Degree 

Curvt?, 


1820 


940 

920 


1670 

1580 

1460 

1340 

1240 
1170 
1150 


6- I 7. 
Degree ’Degree 
Curve. 


Curve. 

2180 


2010 


1890 


2400 

3110 


rjjegrrf 

Curve. 


r7 i;o I 1930 
1770 


1610 

1410 


259Ci 

3250 

20%» 


i I III 
Drgrrf |Drffet 
Curtr. ’ C'lin " 


17 ! JH|« 

I 

i| 7 <» ' ^1?* 


II 

Degrre 

t'liri-e 


lOlfj i liijfi , 

! I ’ 

1630 j !77f» I 1H70 |«|4M 


ifAi 

J*iJO 

ajjc) 
J14c::i 
C|l/I 


iimm 

Curve 


mo 

a/oo 
345c 
3 :ho 
a I fit) 


1010 


1530 


ic;?) i7rit» ■' |g|fi I |^y,| 
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186 . German Speciflcations for the Preservation 
of Railroad Cross-ties. The following Specifications for tli< 
preservation of railroad cross-ties are in use on the imperial 
German railways. They are given with approval by Mr. O. 
Chanute, past President of the American Society of Civil En¬ 
gineers, in a paper before that Society, Vol. XLV (1901). 
Two methods are here given, one for pine ties ind another for 
beech and oak ties. They are followed by specifications for 
testing the impregnating materials. 

I. German Specifications for Impregnating Pine 
Railroad Cross-ties, with a Chloride of Zinc Solution 
with an Addition of Coal Tar Containing Carbolic 
Acid. 

The process of impregnating by chloride of zinc solution, 
with addition of coal-tar oil containing carbolic acid, is divided 
into three parts. 

1. Steaming of the ties. 

2. Production of a partial vacuum and admission of the 
impregnating fluid. 

3. Compression (forcing in) of the impregnating fluid. 

1 he ties are loaded on iron cars, which are pushed into the 
impregnating cylinder, this is closed air-tight, and they are ex- 
posed to the action of steam; steaming is continued for a longer 
or shorter pei iod, according to the time of year and the condi¬ 
tion of the ties. The admission of steam into the impregnating* 
cylinder must be regulated in such manner, that an inside 
pressure of 1.5 atmospheres (22 lbs. per square inch)~a'bove air 
piessure is reached within 30 minutes. For dry ties it \yill 
suffice to^ maintain this pressure in the impregnating cylinder 
for 30 minutes longer, but for green ties it should be kept up 
for another hour, hor dry ties, therefore, the steaming takes 
at least I hour, while for green ties at least i|- hours are neces- 
attached to the cylinder indicates existence of 
the specified pressure. The valve at the bottom of the cylinder 
must be opened on admitting the steam, in order that the air 
contained in it may be driven out, but should be closed when 
steam begins to blow out. This valve should be opened re¬ 
peatedly, as fast as steam condenses; open it at least every half- 
hour to draw off the water, and for the last time just before 
exhausting the air. When steaming is finished, the steam re¬ 
maining in the impregnating cylinder is allowed to escape. 

^ After steam is discharged a partial vacuum is produced 
in the cylinder containing the ties, until the vacuum gauge 
shows at the least a column of mercury of 60 cm. (23.6 ins.); 
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this partial vacuum must be mainlined for ten mimites. On 
expiration of this time, while continually preserving tin* partial 
vacuum, allow the impregnating fluid, which meanwhile has 
been prepared in a separate vessel and heated to at |east 65 
degrees Cent. (149 de^ees Fahr.), to enter the im|»rt*gnating 
cylinder, filling it entirely. To prepare the impregnating fluid, 
add while heating, i k^. of coal-tar oil to every 15 kgr. (6 2-3 
per cent.) of tfie solution of ripe chloride. 

To insure as perfect a mixture of the solution of zinc chlo¬ 
ride with the coal-tar oil as possible, an effective stirring ap¬ 
paratus, combined with injection of steam and air, must be 
applied. 

Next, a pressure pump is used to exert an excess of .seven 
atmospheres above air pressure. This pressure to be main¬ 
tained for not less than 30 minutes; if necessary, continue it 
for a longer time, until the ties have absorbed a certain amount 
of imprecating fluid as specified hereafter. The impregnat¬ 
ing fluid IS then run off. 

The chloride of zinc solution intcmled for impregnating 
must be as nearly as possible free from foreign substances, and 
there must be no free acid. An admixture of other metals, 
notably iron, can only be allowed in a verv slight [percentage 
and only if it cannot be avoided in the manufacture, 'I'he solu¬ 
tion must have a strength of 3.5 degrees Heaimie — 1.0244 
specific gravity at a temperature of 15 degrees Cent, (w de¬ 
grees Fahr.). The solution contains 1,26 per cent, of nietallic 


■ -1 T’® "i«st not contain over i per cent of 

oils that boil below 125 degree.s Cent. (257 rlegrees Fahr.i 
It must be so little volatile that it.s Ixiiliiig [mini lir^ iiwitilv be¬ 
tween 150 degrees and 400 degrees Cm. .irgrers am! 
752 degrees Fahr.). Jn no case is it permissiliie to h.ivc niorp* 
man 25 per cent, of its weight volatilized firlmv ilnjiccs 
Cent. (455/degrees Fahr.). It must coiiiain aj to 2t; 

per cent, of acid siibstance.s (creosote or nils resrinhliuL' r.-ir 
bohe acid) that are .soluble in caustic Ive of v«la -d , , , sV.n itic 
? ’r ml must he entinlv licptid .if Ij. jc; 

grees Cent. (59 degrees b.ihr.), and .is mu.-!) as p-.s-,ible fie» 

tioin nrSwr-''’ (fraclinij.il disiilla. 

iLp a residue of not more th.in 5 [kt ernt. nf n.ij.ilia- 

hne. Its specific gravity .slmuld not he less tba,, i,,.,. a 1 
temperature of -M5 degrees Cent, de,.r A F, ‘r • .u 
should not exceed r.055. To remove s,u-b 'hi 

process, suitable s.-ttlintr 
(clarifying) apparatus .sbniil.i be provided. ^ 

I he Contractor i,s requireii to re[iort where hr obtains his 
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fo?^me “1> “tended 

Offir/ ’f sa“e to the Supply 

Office of the Imperial Railways at Strassburg in Alsace before 

thT^?’'^ imprecate. He will be permitted to purchase 
the solution of zinc chloride and the carbolized oil of coal-tar 
factories whose samples have been approved by 
the Management of the Railways. The Railway JV^ag-ement 
reserves the right to test the fluids used at any ti r ne 
fliirH average absorption of impregnating 

lowfng^ ^ cylinder shall L the fol- 

Absorption of 35 kgr. (77 lbs.) for each tie of 
the Apt class, length of 2.7o-m. (8.81; ft.) 

■B. Absorption of 26 kgr. (57 lbs.) for each tie of 
the second class, length of 2.50 m. (8.2 ft.). 

C. Absorption of 310 kgr. per cubic meter (ig I'bs. 

/I f .per cubic foot*) for ties of other dimensions. 

bv thp impregnating fluid absorbed 

by the ties; the following method must be adopted: 

f platform scale placed under roof im¬ 

mediately before steaming them, and again after impregnatino- 
ceased. The difference in weights equals 
amount of impregnating fluid absorbed. A deduSion of IS 

P®"^ tie made for 

weighing test. In case the shortage 
amounts to more than one-sixth of the absdrption specified, the 
T repeated. If, on the other hand, the 

absorbed more than the 
amount specified, a bonus of 15 pfennigs for every 10 kgr. fi6 
cents per 100 lbs.) will be paid for such increase, up to a maxi- 
mum of 15 per cent. ^ 

II. Gorman Spociflcations for Impregnating Beech, 
and Oak Railroad Oross-ties with Hot Coal Tar Oil 
Containing Carbolic Acid. The work of impregnating 
with hot carbolized oil of coal-tar (i. e., oil of coal-tar contain- 
ing carbolic acid) must be tlivided into two parts. 

I. Drying of the ties, 1. e., withdrawing water from them. 

^ Introduction of oil of coal-tar under pressure. 

The ties are run into the impregnating cylinder and this 
is closed air-tight. Next, a partial vacuum, equal to at l ea st 
00 cm. (23.6 ms.) column of mercury, is produced in the im¬ 
pregnating cylinder and maintained for 10 minutes, and there¬ 
upon, while keeping up the vacuum, the hot oil of coal-tar is 

»8.S degrees B. corresponds to 2.62 per cent dry zinc chloride. Hence. 19 X 2.62 per 
cent amounts to 0.498 lb. of dry zinc chloride per cubic foot._O. C. 
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made to flow in until it rises to a level that will prevent sucking 
over by the air pumps. The flowing in of the coal-tar oil may 
be accomplished all at once or at intervals, according to the 
dryness of the ties. While thus filling up, and afterward, the 
coal-tar is heated up inside the cylinder to at least 105 tlegrejs 
Cent. (221 degrees Fahr.), but not higher than 115 degrees 
Cent. (239 degrees Fahr.), by means of steam cadis. This 
heating should be accomplished during a .space of time of not 
less than 3 hours. When this temperature is reached in the 
impregnating cylinder, it must be kept up for another hour, 
either with or without the partial vacuum, a.s may be judgt^ci 
necessary, in order that the ties may absorb the .specified amount 
of oil of coal-tar. 

The impregnating cylinder is connected with a pipe con¬ 
denser from the instant that filling with hot coal-tar oil ‘com¬ 
mences, and all the aqueous vapors driven out of the ties are 
condensed in this, the water being carried to a tank. This re¬ 
ceiver must have a water gauge from which one can read of? 
the amount of water evaporated from the ties. 

After the drying of the ties or the extraction of water from 
them is finished, the impregnating cylinder is filled completely 
and the pressure pump started, which must produce a pressure 
of at least 7 atmospheres. This pressure is to l>e nwintained 
for at least 30 minutes in treating beech ties and (h minutes for 
oak ties, unless it proves necessary to prolong the time to obtain 
the amount of absorption specified. The oil of coal tar is then 
drawn off. 

The coal-tar oil lused must be hcavv oil, dcrivcfl from the 
distillation of coal-tar, of greeiii.sh black color, specific gravity 
of 1.04s to i.iooat 15 degrees Cent. (59 degrees bahr.), bf»il- 
ing point between 150 degrees and 400 degrees Tent, ( m2 de¬ 
grees and 752 degrees Fahr.). 

While making fractional distillation no oils must pass over 
below ISO degrees Cent. (302 degrees Fahr.) anr! not tnoiT 
than 2S per cent of the volume at temperature uj> to ate decrees 
Cent. (4SS degrees Fahr,). 

The coal-tar oil must contain bv volume at least in per 
cent, of carbolic acid and, at a temperature of 15 d.-jrrct.s fem. 
(59 degrees Fahr.), mu.st be free from napht!i;ilene’aud show 
no sediment. 

To determine percentage of carliolic acid aiitilv adfalion 
to the oils heated to 400 degrees Cent. r752 degrees Fahr. t 
.solution of .soda having .specifie gravifv of i.t':^. 
the diixerence in volume of oil before and after airifatioii fives 
percentage of carbolic acid. ^ 

The Contractor is required to .state .source of supnlv for 
his coal-tar oil and to furnisli samples to the Supply Office of 
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the Imperial Railw^s at Strassburg before he commences work 
of impregnation. The coal-tar oil can only be purchased from 
factories whose samples have been approved by the Railway 

Railway Management reserves the privi¬ 
lege of at any time testing the coal-tar oil used. ^ 

It is specified that the average absorption of coal-tar oil 
for every charge of the cylinder shall be: 

a For one railroad tie, ist class, 2.7o m. (8.85 ft.) lone 

lbs.) 36 kgr. (?9 

b. For one railroad tie, 2d class, 2.50 m. (8.20 ft 'j lotip* 
of^oak wood, 8 kgr. (i8.6 lbs.) ; of beech wood, 28 kgn (6lS 

ft ^ nf /r dimensions per cubic meter (35.3 cu. 

fri’s Ibs f beech wood, 325 kgr. 

To determine the amount of coal-tar oil absorbed by the 
rVhPn® weighed before the impregnation and again after 
if when dripping of oil has_ ceased, using a platform scale 
"Jibe difference in weight is amount of 
coal-tar oil absorlied. Correct the weight of the ties before 
impregnation by deducting from it weight of water delivered 
by condenser to the tank and obtained from the vapors distilled 
while drying in hot coal-tar oil, as weight of ties is reduced to 
this extent by drying process. If on examination it is proved 
that absorption ampunts to less than five-sixths of that speci¬ 
fied, the impregnation must be repeated. ^ 

For every shortage in coal-tar oil shown by above test a 

wif'S' ma 1c ? r iP ^‘‘ 54-5 cents per too Ibk) 

Will be made but, on the other hand, an increa.se in absorption 

will be paid for at the same rate, a maximum of 15 per cent. 

increase I)enig tlie liniit of such payment. 

III. General Conditions. The Contractor is required 
to give eight day.s’ notice to the Supply Office of tlie time of 
intended commencing do impregnate ties, in order that the 
oflice may send an ofiicial to supervise same. This official must 
he freely admitted at all times to the plant of the Contractor, 
and ;U1 desired information must be readily furnished him.’ 
The Contractor must furnish all necessary appliances, appara¬ 
tus and lalior to make tests without charge. 

In case the Contractor does not supply his own ties the 
par ies funnshing them will he required to deliver f. o. b cars 
at the station nearest to the impregnating works, provided they 
are shipped by rail; tics delivered by wagon or other convey- 
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ance will be delivered loaded at storage yards of the factory 
without charge. 

The hauling of ties from the station to factory will he at 
the expense of the Contractor for impregnation. 1 It* has also 
to provide for unloading, piling and handling of_ ties as }kt 
regulations. The" Contractor will be paifl for tlii.s labor ilie 
amount of 8 pfennigs (1.92 cents) for each track tie and 4 
pfennigs (0.96 cent) for each switch tie of l_m. 'i'hcse pricra 
cover the exepnse of labor and tools reqnire<l in receiving green 
ties, as well as that of reloading rejected ties; payment for a 
tie to be made only once. 

The contractor for impregnating is held liable for all dam¬ 
ages and loss of ties that may occur from the time they are 
ddivered to him at the railroad station, or at his works, as long 
as ties remain at his works. This liability incl«dc.s l()sse.s by 
fire occurring at the impregnation works and by theft committed 
while ties remain there. The Contractor must pay tlie value 
of all missing ties or of such as become unserviceable previous 
to their return after impregnation, but is not liable for splitting. 
He is, however, required'to furnish without charge all neces¬ 
sary S-hooks and bolts for drawing together the cr.acks oc- 
curing during storage, and has to drive or ptit these in accord¬ 
ing to the directions of the supervising official. 

When ties are turned over to the Coiitntctor for inijircgna- 
tion, they are already supplied with S-liook.s needed to draw 
together all existing cracks. Each beech track tie is nlsa fitted 
with two iron bolts running through it, about u> cm. {4 ins.), 
from each end in the direction of its bre.idth. ft is his <hity, 
•therefore, to supply, without cliarge, only such .S honks ,Hiid 
bolts as may be needed thereafter, and of the same kind, arid to 
fasten them. 


On receiving the green tie.s they must he pile*! at ilie fac¬ 
tory in such a way that air will circulate ftcclv around each 
one. Each pile only to have length and hreadth w|ual io length 
of one tie, and must contain 100 tie.s. 'I'lie lowest laver of ties 
must rest on solid supports, so that thev will never touch the 
ground._ Storage yards must be thoroughly drained and have 
ditches if needed. Open .spaces are to be left hctween tlie piles, 
which spaces must mea.sure 80 cm. (32 ims.) in ,,ne direetiou 
and have a width of 40 cm. (16 ins.). I'his piling of tics inu,t 
DC finished at the latest in 14 days from rcTti*j)| of sainf, I late* 
of piling to be plainly marked on each pile. 

For delay in completing impregnation of tics bevond time 
nxed by contract, unless previous cx[)rc.ss and written per¬ 
mission of the Imperial General Mauagcnifiit has been ob¬ 
tained, the latter will collect a penalty from Contract-.r for .such 
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delay, amounting to i per cent of the Contract value of the 
unfin_;^hed impregnation per week of such delay. 

. Railroad Management reserves the right to employ 
t £d nbm,' J “Pregnation to adze surface of ties in plLes 

if such work Kpr holes for fastenings, 

rLH.? Z ^ ^ n^essary. This work to be done by di¬ 

rection of supervising official and before impregnating. ^ 

Strassburg, February.,.. 1898. 
Imperial General Management of 

1 rr.. Railways in Alsace-Lorraine. 

. Acknowledged: The preceding* contract of. .. 
this day the, .... 

D.. 

Contractor, 

IV. German Specifications for testing Chloride of 

Zinc and Tar Oil, used for Preserving Timber. 

For the impregnation of timber there are at present two 
• products in use; ist, chloride of zinc; 2d, tar-oil. 

_ Testing of Chloride of Zinc. The chloride of zinc for im- 
pi egnatmg purposes will be manufactured as a concentrated so- 

riic ’ anhydrous chloride of 

me. It IS best to use such a strong solution for testing, and 

piJg tanfS^mbor 

The zinc chloride solution used must be as free from im¬ 
purities as possible, particularly from iron and free acid. There- 
prSent determined whether or not iron and acid are 

Twenty grammes (by weight) of the 
fUuZ chloride solution are to be mixed with dis- 

t lied water; the whole to amount to -lOo cu. cm. (by measure) 
the mixture to be well shaken. ^ ^ '-<ii>ure;, 

_ a.—There is no free acid present if the mixture, by shak- 

ing becomes cloudy, and, particularly if after a short period of 
es , flakes settle down, which will again dissolve to a clear 
fluid, upon the addition of a few drops of muriatic acid (H 
LJ.;. No further test is then required. 

b. -If, after shaking, the mixture remains clear, then an 

V the amount of which can be determ¬ 

ined by the following manipulation: 

Take several reagent bottles and put in each to cu. cm of 
the above-described mixture, then add to each bottle a measured 
successively increasing quantity of a solution of one-tenth nor¬ 
mal soda. For example: Add to the first reagent bottle o i cu 
cm., to the second 0.2 cu. cm., to the third 04 cu. cm., and so 
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. on. Shake well and observe in which bottle a remaining white 
flaky precipitation will settle. The proportion of soda which 
lies between the mixture where a precipitation is produced, and 
that where no precipitation is produced, exactly represents the 
quantity of free acid present in the solution. For example, the 
mixture in the bottle to which 0.2 cu. cm. of the soda solution 
was added, remains clear, while in the following reagent bottle, 
where 0.4 cu. cm. soda solution was added, a precipitation is 
produced; then, 0.3 cu. cm. soda solution is exactly the quantit)'' 
corresponding to the free acid present in the chloride of zinc 
solution. 

Should there be required for this test more than 0.4 cu. 
cm. of the one-tenth normal soda solution, then the percentage 
of free acid is too high in the chloride of zinc solution, and such 
solution must not be used for impregnation. 

Testing for Iron. Take 10 cu. cm. from the above-des¬ 
cribed mixture of zinc chloride solution and distilled water, and 
add a few drops of concentrated nitric acid (H N O3) and shake 
well. Divide this mixture into two equal parts. To one part, 
without diluting, add a quantity of ammonia (N H4 OH) and 
shake well. If this mixture remains clear, no iron is present. 
Through the presence of iron in the mixture, more or less 
brown flakes will precipitate, corresponding to the amount of 
iron present. Should there precipitate in the mixture a quan¬ 
tity of gray-white (not brown) flakes, then not only iron, but 
also another impurity (nearly always magnesia) is present. In 
this latter case a more complete test has to be made, and, there¬ 
fore, the zinc chloride solution must be sent to a chemist. But 
this case will happen very seldom. 

^ The^ second part of the mixture of 10 cu. cm. to which 
nitric acid was added, should be diluted with distilled water, 
and 5 cu. cm. of a solution of 10 per cent, yellow prussiate of 
potash added, the whole to be well shaken. A very ample pre¬ 
cipitation will be produced, which will look snow-white, or very 
light yellowish, if the zinc chloride solution is free from iron"; 
but in the presence of iron it will look more or less blue, ac¬ 
cording to the amount of iron. If the precipitation shows a 
corn flower blue color, then the zinc chloride solution surely 
contains a high percentage of iron and must therefore be re¬ 
jected. 

To avoid, in testing, the weighing of the 20 grammes of 
the strong solution, the use is recommended of the easier 
method of measuring. First find the specific gravity, at 
degrees Celsius, of the strong ’ concentrated zinc chloride solu- 
tion. The quotient of this specific gravity into 20 grammes 
shows the number of cubic centimeters which must be meas¬ 
ured off and which represent exactly 20 grammes by weight. 
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Specific gravity of the strong zinc chloride 
solution IS 1.6, then i.6 divided into 20 grammes gives the num¬ 
ber of cubic centimeters (-^=12.5 cu. cm.) which have to be 
measured off to be used for testing as described before. 

^ °t ^<^r-OiL At a temperature of 20 degrees Cel- 
Sell bmpid, and to test it, shake the tar-oil 

well, pour a few drops on a folded filter paper and observe 

too^o?th?Mn?^°Tfundissolved particles on 
top of the paper. If the amount of these is large, the tar oil 
mus not be used for impregnation. To find tKpecific gray: 

Qf’ji. off, to a temperature 

cfmA slowly an hydrometer into the 

So?,,c. r/ .gravity of the tar-oil at 15 degrees 

S'rt f temperature are of minor import¬ 

ance, and can be corrected closely enough by adding or sub- 

for^everv 9° ? tbe third place of the specific gravity 

for eve y 2 degrees variation from 15 degrees Celsius 

fnnnff of the Tar-Oil. By means of a 

t‘'ir-oil at aliout 15 degrees Celsius are 

wclf-f « '''^”0 is to be inserted, but in 

such a Ill. liner liiat the cimcksilver ball shall be in or lielow the 
neck of the retort but sliall not touch the oil, or will not lie 
covered by the ,s.aine. _'rhe retort must be lieated slowly, until 

; ‘ 'f ‘'‘”“•'*">'•<1 ’’early every tar-oil, is 

wp n.ited Stronger heat can then lie aiiplied to the retort, 
ut It must l»e so u^^ulated that in one second two drops will 
distill over. I lie dislilleii protluct will lie caught in a grad- ' 
luitcd gla.ss cybndcr, and the dilTcrcnt (piantitics are to be ri'ail 
.ind noted wlneh (bstill over from the oil (become volatile), 
wUhm the various intervals of temperature, .say to 12? degrees 

hi ^35 degrees, and 

.ig.iin fiont i.t;o de.orei's to 35.1; degrees ( elsuis, and wbieb are 
spcciheil in the I_»eseni.tinn of the IWess, ami Siiecifieafions” 

.us to the Composition ami proportions of the imiiregnathig (luid. 

"If ^‘>rh»nc Acid. (Acid ('oiisH. 

of the (Id.) I he entire amniiiit of the distilled tar-oil 
IS to he mixed m a separating fmme] with c;o en, cm. of caustic 
•oda ,U I 15 spec,tic gravity at i.t; degrees Celsius, shaken well' 
lor about ive mmutes, after wliicli lei it stand ami settle, 'I'be 
eaustie si.da absorbs the earbolie aeid ami preeiiiitales; the stop- 
eoek ni the luimel is to be opened and the preciiiitaled caustic 
soda IS caught m a amm. cm. graduated gla.s.s cylinder. 'I’lie 
.same_operation must also be rei.ealed with 50 cu.' cm of fresli 
cmustic soda to make sure that all enrbniic acid is extracted 
injin uk: J. he caustic soda of l)oth manipulations is tlicn 
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to be combined, about two tabiespoonfuls of salt (Na (1) .atided 
and this dissolved by means of stirring; the required cjuantity of 
concentrated muriatic acid (H Q) added, and tlie cnmhiiia’tion 
a^in stirred up until well mixed. After cooling off the hot 
mixture, read the quantity of the separated curb die acid in {kt- 
centage of cubic centimeters,' and add to this mmdier J jht cent, 
for the small amount of carWic acid still remaining in the acid 
solution. 

All the figures obtained are to lie c(wn[>.arccl with those 
specified in the description of the composition and proiKirtions 
of the impregnating fluids. Small differences slmnld not iw 
cause for rejection, as small variations in testing, resulting from 
barometric changes, cannot be avoided, and the result of the 
test is influenced by them. However, the figijre.s obtained by 
the above-described tests are sufficiently clo.se to judge of the 
quality of the impregnating fluids. It is not aflvisable that the 
tar-oil for testing be taken directly from the shipping-tank, but 
it is better to take the samples from the receptacle of the ap¬ 
paratus in the impregnating plant from which the mixing ves¬ 
sels, or the impregnating cylinder (in the iinpregriatiiiii with 
pure oil) will be supplied. 

The Chief of the Operating Inspection 3, 

^ ' (Signed.) SitTTOAST. 

Berlin, June 14th, 1899. 

■187. Filter Oravel and Sand. 'I’he foihuving sptTifi* 
cation for the character, size, and placing of gravel and s.m*! 
in a large gravity water-filter is new .1111! is likrlv to lie useful 
as filtration plants are adopted for city water .supplies. It wa.s 
used in the Albany 'Water Filtration Plant. 

Depth. Cnnri. On the floor of the r,H,.rs and 

surrounding the underdrains sliail be pluTd gr.ive! 
or broken stone having .i niaxiimim <ieptf) of ,„iv | i ^ 
foot. Instructions will lie given bv ib,' bbigineiT 
as to the exact arrangemnit and po-.itions of the 
various layers when tlie sl-.i,,- e..ini!irn. i., be re¬ 
ceived upon the ground, but the .irr.iogrtn. iit will 1,.- 
approximately as followsi- 'llir lower': inebes slrill 
ArranKfmcnt cousist of broken stoiic or gravel u hii'li will reni lin 
of Layers. upon a .Screen with a inesli of t ine!,. .,„d vs!.» !i h:n 
but very few stones over .» inelies in diameter. 
Above this .shall be placed 24 iiu lM's of bi ken Mom* 
or gravel which has passed a screen uitb a mesli 
of I inch, anil which remains upon a -I'icen with *1 
dear mesh of 3 of an inch, and above this be 
placed 2§ inches of hruken slmu* <jr gravrl, wfiich 
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has .passed a screen with a mesh of f of an inch, and 
which is coarser than the .ordinary sand, arid entirely 
free from' fine material. The exact depth of the var¬ 
ious layers and the meshes of the various screens 
may be varied somewhat, and the Contractor will be 
allowed to make such reasonable changes as will al¬ 
low the material to be handled economically and to ■ 
the best advantage, but before making any changes 
he shall consult with the Engineer, and no change 
shall be allowed which will in any way interfere with 
the efficiency of the filter. 

Gravel shall not be placed within 6 feet of the p™’ 
inlet or outlet chambers, nor within 2 feet of the out- 
side or cross-walls, these spaces being reserved for 
filling with sand. 

In case the gravel used for the lower layers Selected ft 
should contain any material so fine that pieces might 
enter the joints of the drain pipe, the Engineer may 
order coarser material to be selected from the gravel 
or broken stone and to be placed about the joints, 
the quantity of such material not to exceed i cubic 
foot per joint.- 

The gravel for all of the layers may be broken Quality 
trap rock screened to the proper sizes, or gravel 
screened from sand and gravel banks of a sandy 
nature. Gravel screened from hard pan or clayey 
material cannot be sufficiently cleaned. The gravel 
shall not contain more than a very small amount of 
shale or limestone. The gravel shall be washed en¬ 
tirely free from fine material so that water passing 
through it or agitated in contact with it will remain 
substantially clean. No dirt or foreign matter of 
any kind shall be allowed to enter the filters after 
beginning to place the gravel and any gravel made 
dirty in any way after placing shall be at once re- 
rtioved and replaced to the satisfaction of the En¬ 
gineer. 

(164) The price bid per cubic yard for filter Payment, 
gravel includes the screening, washing and placing 
of all of the different grades above enumerated, no 
deduction being made for the space occupied by the 
underdrains. 

Filter-Sand in Place. The filter-sand shall be- Quality, 
clean, river, beach or bank sand, with either sharp 
or rounded grains. It shall be entirely free from 
clay, dust or organic impurities, and shall, if neces¬ 
sary, be washed to remove such materials from it. 
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The grains shall, all of them, be of hard material 
which will not disintegrate and shall be of the fol¬ 
lowing diametersNot more than one per cent., by 
weight, less than 0.13 of a millimeter nor more than 
ten per cent, less than 0.2? of a millimeter; at least 
ten per cent, by weight, shall be less than 0.36 of a 
■ millimeter, and at least seventy per cent., by weight, 
less than one millimeter, and no particles shall be 
more than five millimeters in diameter. The diameter 
of sand grains will be computed as the diameters of 
spheres of equal volumes. The sand shall not con¬ 
tain more than two per cent., by weight, of lime and 
magnesia taken together and calculated as carbo¬ 
nates. In all other respects the sand shall be of a 
quality satisfactory to the Engineer. The Contrac¬ 
tor shall take adequate precaution to prevent foreign 
or polluting material from becoming mixed with the 
sand, and shall protect the sand from such maferial 
until the final acceptance of the work or until the 
^filters are put in operation. 

amiriLi'by Samples of sand fulfilling the above reouire- 

Engineer. ments may be seen in the offices of the Engineer and 
he will epmine samples of sand submitted by in¬ 
tending bidders and advise them whether or not thev 
are suitable. , ^ 

LayM."The filter-sand shall be placed in the filters in 
tour layers, each layer to be about one foot thick 
and the sand shall not be dropped from a height into 
imal position or otherwise unduly compacted. The 
three first layers may be filled in to only approximate 
depths and the surfaces need not be smoothed. The 
final layer shall be brought to a true and even grade. ■ 
nd the surface left smooth and uniform, and such 
allowance shall be made for settlement as the Enm- 
neer may direct. ^ 

P.jyment. ' • . . - 

filter sand, in- 

dudes securing transporting and placing the sand 
< together with all screening, washing or other cleml 

ffif may be necessary to make it conform to 
f requirements, and the final measurement 
shall be made in position after settling one week with 
water and with the filter in operation. A H 

188. Specifications and Contract for Architect’s 

paTaTrm^ of f 1 advts“e 

pare a form of Specifications and contract for the engagement 


Placing in 
Layers. 


P.jyment. 
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of the .services of architects. Modern building construction 
has become so cctinphcated and involves of necessity professional 
services of so many kinds that it requires a very clear and 
spccilic understanding between the owner and the architect as 
to the e.xact duties of the latter. This understanding is usually 
limited to a more or less informal agreement which is often not 
redncecl to writing. As a result there are very frequently ser¬ 
ious mi.sundcr.standing.s between the owner and the architect 
as to Ills duties and obligations, and the time has evidently 
arrived when a regular form of agreement should be entered 
into between these two parties. Evidently a similar form might 
be employed m the engagement of an engineer when his re¬ 
muneration consists in a fixed percentage of the cost of the 
work. Jhe fcillowing form of contract has been prepared 
under the direction of l'rofe.s.sor Waite, who is himself a well- 
known authority on the law of engineering contracts. Omit¬ 
ting the provisional introductory forms and the final official 
certificates, the clnciunent is as follows: 

"n-ir/j tin's agreement the phra.sc 

party .if the first part” or the word “City," or the ' 
words ‘( ominissioncTfs)“I’re.sidentor “Board ” 
or a pronoun in the place of eitlier of them is used 
the name or names shall lie deemed anil taken to 
me,in and ini'-nd tlie party of the finst part to this 
agreinient. ‘ 

At-.i a wherever in this agreement the word 

.inlntectfs), or a prnnoiin in its place, is ttsed, the 
same shall he .le..nie<l an.l taken to mean and intend 
me iiarty ot the seemid part to this aureemeiit 

'I’liat the said Architeelfs'l will, at their 
own proper cost and expen.se, by or before the... . 

... . .lav fd.. - ifjo. furnish to the .said 

( omnus..i.inerfs) iindiniiiiarv stn.Iies, .sketches and' 
drawmps. .•.,nsisi„,g of general plans of each floor 
and ,^'iiH‘raI rhn'ajuin.H and rrnss-miinns, witli o’cn- 
nral uinlinril siHriflrafions snfBcicnt to .show ircncral 
(iianuirr rfinsirurtifin and infiTior finish of (lie pro- 
p.iM'd I.m diuir ..r rtnicture. together with an .vsti- 
ni.ire ot m," .-..s* ,,J ihc sai.l hnil.Iing or stnirttire, 

.as in sai.l .lr,-uviiie,s .anil specifications .set forth and 
fl.-s.-nhcih wineli said iireliminarv ilrawings and 
specifirati-.iis dial! he snhmitte.i to the .said Commis- 
sionerfs.) lor his or their approval, and that if the 


nreliinludrv 

nravviiif^Mi to 
Iff Ndbnnttrd 
for Aapiuvul. 
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said preliminary drawings, specifications and esti¬ 
mates herein described are not satisfactory to said 
Commissioner and approved by him, then the said 
Architect(s) shall and will revise and correct said 
plans, elevations, sections and specifications so that 
they shall conform to the suggestions, criticisms and 
requirements of the said Commissioner(s), and so 
that the estimate and cost shall be well within the 
appropriation or funds available for the said building 
or structure. 

Specifications 4 * That the Said Architect(s) will thereafter, 
E«iSatVsf own proper cost and expense, and within 

\.days after the approval by the Commis¬ 

sioner (s) of the said preliminary drawings and 
specifications (or the revisions thereof), provide and 
furnish to the said Commissioner (s) complete plans, 
elevations, sections and drawings of the exterior and 
interior, and complete working drawings with con¬ 
struction details sufficiently shown, and with figured 
dimensions given as shall, with the specifications fur¬ 
nished and hereafter required, enable prospective 
bidders and contractors to prepare and. make accur¬ 
ate and reliable estimates of the quantities, quality 
and character of the several kinds of labor and ma¬ 
terials required to erect and complete the said build¬ 
ing, structure, works, plan, apparatus or equipment 
in a first-class workmanlike manner and for the pur¬ 
poses and uses intended. 

Details. thereafter and during the erection and 

construction of the above, entitled work the Archi¬ 
tect (s) shall furnish all the detail and working plans, 
models, drawings and sketches necessary and proper 
to enable the builder or contractor to provide the 
materials and apparatus and to build, erect, construct 
and complete the whole structure contemplated and 
comprised in^ the above title in a good, prompt, etti- 
cient and satisfactory manner^ such plans and draw- 
mgs to include all the various parts and portions of 
the building, structure, works, plant, apparatus and 
equipment, and all features of decoration and orna¬ 
mentation desirable and proper to make it an artistic 
Pi es Con ^^^'hitectural, or engineering production. 
du?ts/etc,, to 6 . That such plans and drawings shall include 
be Shown. complete detail and working plans, elevations and 
sections, which shall show not only all structural 
features, ornamentation and decoration, but also all 
air, gas. steam, hot and cold water, refrigerating. 



Number .>» 
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power, heating, ventilating, sanitary and electric 
^ pipes or conduits, with all connections, valves cates 
switches, cut-outs, etc., and the location of all appli- 
ances and machines operated and supplied thereby; 
with arrows or indexes to show the directions of the 
currents therein when the plant is properly working 
. Ihat SIX sets of blue or sun prints of such 
plans elevations, sections and drawings shall be fur- 
nished to the Department or Board for its use for 
bidders and contractors during the period that the 
above-entitled work is being advertised, and until 
the contract(s) therefor shall have been let or 
awpded and that one set shall be furnished and 
delivered to the said Department or Board for its 
uses am purposes during the erection and construc¬ 
tion of the vyorks, and three complete sets of such 

^‘'iwings of the said works 
sliall be furnished to the Contractor(s) having in 
charge the particular work for which they are or 
were designed aiul made; and upon tlie final com¬ 
pletion of tlu' biiihlmg, structure, works and appli- 
mices, the said Architect(s) shall furnish fo the said 
llcpartmcnt oiy Board a complete .set of plains, eleva¬ 
tions and scctiim.s revised and corrected so as to 
agree and conform to all material changes amj altera¬ 
tions that shall have been made, so that such plans, 
elevations and sections shall show the exact dimen¬ 
sions. shaiies and locations of the .said Imilding, 

.structlire, works, plant or apparatus as it or the'v 
.shall have been actually hiiilt and com|)leted. 

H. 1 ii.at the .'\rciiitect fs) sliall give their per- 
.sonal attention to the preparation amTcompletion of 
the plans, and to the ert*ction tind coinpletion of the 
sairl work, and that only competent and skillful arch- 
itect.s and engineers, draughtsmen, superintendents 
•ind inspectors shall he employed upon sucli plains 
and drawings and aliont the ,said work. 

p. i hat the said .'\rchitect (s) shall not engage, 
employ or rei|iiire the hiiilder or contractor, or any 
sii!) contniclor to tiirnisli any [lart nr portion of this 
woik, whii'h is the suhject of this emjilnyment, to 
prcjiarc, pn.vidc or furnish .any of the specifications, 
toinjiiitalioiis, jil.ans and detail or working dr.awing's, 
for or on aceoinit of the .said Imilding, structure, 
works or apparatus, or any iiortion thereof, hut shall 
undertake, perform and furnish such services and 
provide sncli sketches, [dans, details and other work- 
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Complete 

Specifications. 


Materials, etc., 
to be Described. 


Property in 
Drawings. 


Supervision, 
Direction and 
Inspection. 


ing drawings, as shall be required for the erection 
construction, decorations and ultimate completion 
and operation and use of the said building, struct¬ 
ure, works or apparatus, at his own cost and ex¬ 
pense; but that nothing herein contained shall re- 
the contractor from providing and furnishing 
all shop-drawings, templets,- reverse templets, pat¬ 
terns, forms moulds, models, tackle, etc, necessary 
and proper for the prompt, successful and rapid pro¬ 
cess and early completion of the said building 
structure, works, plant, apparatus and equipment. 

Architect(s) shall prepare 
provide and furnish full and complete specifications 
in detail for the above entitled works, which shall 
dejenbe the different parts and portions of the build¬ 
ing, structure, works, plant, apparatus or equipment 
proposed and all the several kinds of materials Varts 
and members thereof, and the manner ani meffi 
to be adopted and employed for working, developing 
erecting, constructing and fully compktinrtKaf 
lous parts and portions of the works^Tas to caT^ 
out the intent and purpose for a complete structure 
,, purposes for which iHs intendeT 

:d. , Specifications shall not 

materials and apparatus and equipment in the naSS 
of patentees, manufacturers and dealers whn\n™ 
monopoly therein, but ehall desenbe and 
terwls, furnishings, equipment and process in^sSi' 
a manner and by such descriptions, designf tests 
raqmrements and specific resute th^t thef may be 

md S'shaT competitiv^ market; 

Son T?S oTVr r" provisions or spirit of 
section 1554 of The .Greater New York Charter. 

plans, ePltd?^tioi:tdnhe'”4S^ti^^ 

prepared, provided and furnished by the said Arclfi! 

Si “i? 

and fhereon.*^ incorporeal designs exhibited therein 

■ fhe said Architectfs) from the hecrin- 

ning of the work described shall take full charg-efnd 
supervision ofthe building, structure hlant work 
equipment and shall furnish neces-' 
sary and proper instructions, directions and d^w- 
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ings to the contractor, his superintendents and fore¬ 
men, and shall obtain and secure a first-class, work¬ 
manlike job in every particular; that he or they will 
inspect, examine, test and accept or reject all ma¬ 
terials of construction provided, furnished and de¬ 
livered for and to be used in or to become a part of 
the said building, structure, works or apparatus, 
whether such materials be crude or wrought, finished 
or ornamented materials, and will examine, inspect 
and accept, approve or reject, all the workmanship, 
skill, artistic or otherwise, that is furnished for or 
wrought upon or into the said building, structure or 
works, and so far as they conduce to the architect¬ 
ural, artistic or engineering features or the stability 
or permanence of tlie works as the said materials or 
work may or may not conform strictly to the con¬ 
tract, specifications and plans and to good anij work¬ 
manlike construction, that he or thev shall refuse, 
reject and require to be removed all materials or 
work which do not fully compljr with the specifica¬ 
tions, contract, plans an<l drawings prepared there¬ 
for, and will require that they be replaced by mater¬ 
ials and work whidi shall conform to and with the 
said contract, specifications, plans and drawings and 
tlMt are proper, aiiiiropriale and necessary to a com¬ 
plete and first-class, workmanlike job. 

14. 'I’liat the .said Commi.s.sioner(s) may desig- BuiWinir 
nate or apiioint a building superintendent for the 
geiKT.al supervision and inspection of the work and 

such inspectors as may to him seem ncces.sary for 
the jiroper insiiection and supervision of the work 
to enable the (ionunissinnerfs) to properlv certify 
to the satisfactory progress and com])letioii of the 
work and to the payments under the contract there¬ 
for, by and on liehalf of the (iity. I'hat the said 
Archilectfs) will furnish to .snch’bnilding .superin¬ 
tendent and insiiectors all information and assist¬ 
ance necessary to enable them to properly inspect 
and re])orf upon any work or matcTials furnisTied 
for and wrought into the building, structure, works, 
plant, apparatus or e(|uipincnt. 

15. frenerally, tiiat the .said Architect (s) will < 5 cnerai un. 
furnish and iierform all those services reiiuircd for '’‘"'“‘‘‘’"‘f- 
the erection ami construction of the liuilding or 
structure and iilants, and tlie heating, lighting, 

power, including ventilation, sanitary and electrical 
arrangements and appliances, and will .supervise and 
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direct and promote the erection and completion for 
use and occupation of the said building, structure,, 
works and plant of which this contract is the subject. 

16. That the said Architect(s) will at their 
own cost and expense secure and engage the services 
of such engineering or architectural specialists as 
they may require or as may be necessary and proper 
to skillfully and properly design, plan, adapt and 
adjust the various heating, lighting, power, ventilat¬ 
ing, sanitary, electrical, elevator, etc., plants, appara¬ 
tus and equipment for the said building, structure 
or works or for the ornamentation and decoration 
thereof, and that the said designs, plans and speci¬ 
fications for 'such heating, lighting, power, ventilat¬ 
ing, sanitary and electric elevator plants or equip¬ 
ment shall, in the discretion of the Commissioner(s), 
be submitted to and reported upon by some inde¬ 
pendent consulting engineer of experience and repu¬ 
tation, to be selected and determine by the Commis- 
sioner(s). President or Board, which said consult¬ 
ing engineer shall be paid for his services by the said 
Department or Board of the City. 

17 . That the said Architect(s) shall and will 
design, plan and conduct their work with reference 
to and in strict conformity with the lines, levels and 
grades given and determined by the City Surveyor, 
who shall be selected by the said Commissioner(s) 
to give and determine the same. 

18. That the City hereby retains and employs 
the said Architect(s) to perform the aforesaid ser¬ 
vices, and for and in consideration thereof and of 
the obsei'vance and performance of the conditions 
and stipulations herein contained, it agrees to pay to 
the said Architect(s) in full compensation theredor 
the following fees or prices: 

(a) . Five per cent. (5 per cent.) upon the tfjtal 
cost of the building, structure, works, plant, apj>ara- 
tus or equipment, including all fixtures necessary U) 
render the building, structure, works or a|)paratns 
fit for occupation or use, but not including furniture 
or fixtures, nor the heating, lighting, ventilating, 
electrical, sanitary or elevator equipment, plant or 
apparatus which are not or shall not be designed and 
supervised by the said Architect(s). 

(b) That no special rate for monumental or 
decorative work or for designs for furniture, cases 
or apparatus in excess of the general compensation 
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cent. (5 per cent.) upon the cost thereof 
shall be charged, and that no extra charge shall be 
rnade for mural or ceiling decorations, any custom 
of Architect(s) to the contrary notwithstanding. 

^ (^) That the fees of consulting architects and 
engineers above referred to who may be retained and 
employed by the Commissioner (s) to examine, re¬ 
vise and report upon the said designs, plans, draw¬ 
ings^ and specifications of the said Architect(s), as 
hereinbefore provided, shall be paid by the City and 
not by the said Architect(s). 

19. ^ That the party of the first part shall pav 
to the said Architect(s) for partial service as in case 
of the abandonment or suspension of the work, as 
follows: 

^ ^ (a) For preliminary studies and sketches, con¬ 
sisting of drawings, such as ground plan and gen¬ 
eral elevation and perspective view of exterior, a 
fee of one per cent, (i per cent.) of the proposed or 
estimated cost of the work upon the completion and 
cklivery of such pi'eliminary studies, sketches, etc., 
the amount so paid to be credited on the total com¬ 
mission of five per cent. (5 per cent.) of the actual 
cost, whether the estimated cost of the building prove 
greater or less than the actual cost. 

(&) For a full set of preliminary drawings, in¬ 
cluding such preliminary studies or sketches, etc., and 
such additional elevations, plans, sections, general 
working drawings, specifications and details as are 
or may be necessary to make a close estimate of the 
full cost as provided in sections (3) to (ii) of this 
agieement as shall be necessary for advertising and 
inviting bids or estimates from contractors for the 
undertaking of the erection, construction and full 
completion thereof, a fee of two and one-half per 
cent. (2J per cent.) of the price or sum at which the 
contract is awarded, or if the award be delayed for 
more than sixty days, then of the estimated cost. 

(r) For all details, working-drawings and 
models necessary and proper for the working, finish¬ 
ing and decorating of all materials, stuffs, members 
and parts and for their incorporation and adjust¬ 
ment and for the skillful construction, erection and 
ultimate completion of the building, structure, works, 
plant, apparatus, and equipment, a fee of one per 
cent, (i per cent.) 

33 
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(d) For all services performed in the inspec¬ 
tion, testing, acceptance and rejection and re-accept¬ 
ance of materials and work, including the general 
supervision and direction, and including all super¬ 
vision, direction and instruction to the contractor (s) 
or his representatives, as may be necessary for the 
ultimate, final and full completion of the work, and 
the determination of all questions and disputes, as 
herein provided, the balance of one and one-half per 
cent, (ij per cent.) 

20. ‘ That the said entire fee shall be paid upon 
the actual cost of the building, structure, works or 
apparatus, and that no additional charge shall be 
made for alterations and additions to or in the con¬ 
tract and plans or for any additional time or services 
whatever, which is required for such alterations or 
changes either in the specifications or plans or in the 
building, structure, works, plant, apparatus or equip¬ 
ment itself, except and only upon a written supple¬ 
mental agreement by and between the parties hereto, 
in which the said additional compensation shall be 
fixed and determined. That no allowance shall be 
made for traveling expenses to or from the works, 
or in connection therewith, and that no additional 
or extra charges shall be made or allowed for any 
professional consultations or conferences, either with 
the said Department or Board or with any other De¬ 
partment of the City, for and in connection with the 
said work, or with the professional or consulting 
engineers and architects in regard thereto. The 
compensation herein agreed upon shall include all 
fixtures necessary to render the building, structure, 
works, plant or apparatus fit for occupation and use, 
but that no extra compensation shall be asked or 
allowed for furniture or other articles, unless they be 
designed by the Architect (s) and erected or placed 
under his inspection and direction at the express re¬ 
quest of the said Commissioner(s) or by resolution 
of the said Board. 

21. That the above fees shall cover all profes¬ 
sional advice and services required by the said archi¬ 
tect (s) in the design, erection, construction and com¬ 
pletion of the said building, structure, works, plant 
or apparatus, and also all conferences, hearings and 
meetings necessary and proper to determine any 
questions or disputes between the contractor or sub¬ 
contractors and the said party of the first part, and 
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which questions and disputes it may be provided 
shall be heard and determined by the Architect(s) 
in the contracts between the said party of the first 
part and the said contractor(s). 

22. That payments to. the said Architect(s) I*™®” 
shall be made as his work .progresses, and at sue- Paj uleui. 
ceedmg stages of the work as follows: Upon the 
cornpletion and 'clivery of the said plans, elevation.s, 
sections, general working drawings with construct¬ 
ive details sufficiently shown, and the dimensions 
figured to enable bidders or contractors to prepare 
accurate and reliable estimate of the cost thereof, 
and the completion and delivery of full and complete 
specifications for all branches and classes of work 
necessary to the full and ultimate completion, use 
and occupation of the .said building and structure, as 
provided in Clause 19 (b), two and one-half per cent. 

(2i per ccnt.)_; upon the completion of all details, 
working drawings, plains, .sections and models, as 
provided in Clause 19 (c), one per cent, (i per 
cent.), and upon the completion of .said building, 
.struclnre, works, plant, aiiiiaratiis and e<|uipment and 
tlieir final acceptanee by the City, one and one-half 
per cent.), or the Isilanee that may he due and owing 
of the full k'v or percentage of the actual co.st. 

23. 'I'hat if, at any time, tlie .said Architectf.s) Ab.iminn 
.shall abandon or uiirea.soiialily delay the preparation 
and _ conqiletion of the plains, dcvatioins, .secliniis, 
ilefails and working drawiiig.s, and the complete siieci- 
fications, within tlie time herein .specified, or as may 
he rerpiired by tlie .saiil Cnnimissioncr(.s) and a’s 
may be necessary or proper to eiialilo the cnntrac- 
forts) to prosecute the .said iniilding, .stnielurc, 
v\‘orks. plant, appiiralns or equipment with di.spalch 
and reamin.abh" safety .so as to insure its eoinpletioii 
within the time design.ated in the contract therefor, 
the .said ('0111110,ssioiierfs), IVesident or Hoard shall 
li.ave the pnwer to notify the .said Architect(s) to 
discontinue all serviees and work provided for under 
this ctintr.'U't, by written iiotici* to be .scrvtsl iipnii tlie 
.said .Vrebiteetfs) eillier personally or by leaving the 
.same at their residenci', and thereupon the said /\r- 
ebiteet(s) shall disciintinne the .said services or such 
p.art tliereiif as the said Conimi,ssioner(s) may desig- k,’,!, 
nate, and the s;dd ( ommissioiierfs) shall liave tiie 
power to eni|iloy otlier architects, by cnntr.'ict or 
oiherw'iM', as he may deem advisahle to perform and 
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complete the said services and work herein described, 
or such part thereof as he may deem necessary, and 
the remuneration, pay or fees of the said Architect(s) 
shall be determined by the scale of prices or fees 
herein given, it being expressly agreed and under-' 
stood that the said Architect (s) shall be paid only . 
such fees as they shall have fully earned, and as shall 
be due and owing under the express terms of this 
Deiireryof agreement. That whenever the City or its appropri- 
cSie^of Aban- ate officer (s) shall act under this clause, or in the 
uymDmh.' event of the death of the Architect(s), all drawings, 
plans, elevations, sketches, sections and models and 
all specifications, estimates, measurements and data 
pertaining to the building, structure, works, plant, 
etc., or prepared for them under the terms of or in 
fulfillment of this contract, shall, be delivered within 
twenty days to the said Commissioner(s), President 
or Board, or to his or its authorized agent, and if the 
said Architect(s) shall fail or refuse, upon demand 
being made, to so deliver said instruments, estimates 
and data, then the said Architect(s) shall forfeit all 
rights to any further compensation under this con¬ 
tract for or on account of any services rendered or 
to be rendered. 

Suspension. 24. That if, for any reason, it becomes neces¬ 

sary to postpone, suspend, delay or abandon the 
building, structure, works or apparatus for which 
these services are engaged and employed, then the 
said Architect (s) shall be paid only such fees as 
they shall have fully earned, and as shall be due and 
owing by the express terms of this agreement, and 
such postponement, suspension, delay or abandon¬ 
ment shall not give any cause of action for damages 
or for extra remuneration to the said Architect(s). 
Officers of City 35. That the payments herein provided for arc 
fSsoaMy. to be made out of the moneys provided by the party 
of the first part, for the construction, erection and 
completion of the above entitled building, structure, 
work, plant or apparatus, and that these presents do 
not bind the said Commissioner(s) individually to 
make any payment or payments hereunder or on ac¬ 
count hereof. That his or their action in the prem¬ 
ises is binding upon the said City and its successors, 
and the fund hereby created for such purpose, in 
conformity with the statutes and The Greater New 
York Charter, and the acts in addition and supple¬ 
mental thereto, or any amendments thereof, and un- 
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der which said Commissioner(s) was or were ap- 
I>ointecl, and nncler and by virtue of which he or they 
acted in these preniises. 

26. That the Architect(s) will be responsible 
for all cl.-iiins made against the said City for any in¬ 
fringements of copyright or patent-right for or on 
account of the adoption and use of any designs, plans, 
drawings or models furnished by the said Archi- 
ti‘ct(s) and used in the construction or decoration of 
tlie said Iniikling, structure or works, plant or appar¬ 
atus. 

27 . That this contract shall not be binding or 
of any force unless the Comptroller of The City of 
\’cw York shall indorse hereon his certificate that 
there remains unexpended and unapplied, as provided 
in The Greater New York Charter, a balance of the 
appropriation or fund applicable thereto sufficient to 
pay the estimated cxi)cnse of executing this contract, 
as certified by the officers making the same. 

2R. Tliat tlie cost of the said building, works 
and apparattis designed, planned and illustrated, in¬ 
cluding the Arcliifccf’s fees and the cost of nece.s.sary 
surveys and inspection, shall be kept well withiit the 
sum of .. ($. y 

29. That it is understood and intended by the 
partu's hereto, that the party of the second part shall 
provide and furni.sh the per.sonal .services of. 


and that this contract may not be a.ssigned, sublet or 
tnmsfemsl, willamt tlu* exi>rc.ss consent in writing 
of the .said C<immissiimer('.s), President or Board. 

In witness whcrc'nf, tlie .said The City of New 
\’ork has, Iiy the said (‘nmmissionerfs), executed 
this contract on heh.'ilf of the .said party of the first 
part and 1ht‘ said i)arty of the second part has exe¬ 
cuted this confnict the day and year first above 
written, and the sai<l ]iarlic.s hereto’ have executed 
this agreenumt in triplicate, one part of which is to 
remain willi the said Commissionerfs), one other is 
to he fill'd with the Comptroller of The City of New 
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York, and the third is to be delivered to the said 
party hereto of the second part the day and date 
herein first written above; 

.;.[L. S.] 

Commissioner (s). 

.[L. S.] 

President. 

..[L. S.] 

Secretary. 

.[L. S.] 

Architect's). 


(Seal.) 


J. C. W. 
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OONTRAOTOR’S BONDS. 

189. Oontract Bond or Surety. It is a very genera! 
custom in all important work to require the contractor to fur¬ 
nish a bond for the faithful and complete performance of hi® 
contract. Sometimes these bondsmen or sureties sign with the 
contractor, as in the case of the St. Louis contracts, exemplified 
in article i68. It is more usual, however, to make this bond a* 
separate document, following immediately the signatures of the 
contract itself. 

Bonds are always executed under seal, and are therefore 
special contracts, since the bondsmen are not usually paid a 
consideration for the service rendered, and a sealed contract 
does not require a consideration to enforce it. 

In case the original contract and specifications are deviated 
from in the execution of the work to any material extent, with¬ 
out the consent of the bondsmen, these latter are thereby 
released from their bond. Since such changes are nearly always 
made in the execution of engineering work after the contracts 
are signed, and since these are usually made without consulting 
the bondsmen, these latter are as a rule thereby released from 
all obligations, and the bond becomes of no" effect. Even 
thotigh the l)ondsmen be consulted in the matter of changes, 
they are not obliged to give their consent, and usually perhaps 
would not, in which case material changes could be made only 
by releasing the bondsmen* 

To provide for such changes, without releasing the !)onds- 
man, the following clause may l>e added: 

Aud the said suret . . . kertd)y siipuiate . . . ami agree . , 
ikai m change^, extension^ a/ieratiau or addition to the terns 
of ike contract or specifications shall in any zvise affect .... 
obligation em this bond. 

The form of IhhuI given below is that used l)y the city of 
lloston, and may he taken as a general type of such a docu¬ 


ment. 
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That we. 


CONTRACT BOND OR SURETY. 

Know all Men by these Prmmts^^ 



are held and firmly bound unto the City of Boston, in the sum 

of...—... 


dollars to be paid to the City of Boston, or its certain attorney, 
its successors and assigns, for which payment, well and truly to 
be made, we bind ourselves, our heirs, executors, and adminis¬ 
trators, jointly and severally, firmly by these pretenti. 

The Condition of this obligatiom is smch i&ai 
if the above-bounden,.... 


shall well and truly keep and perform all the terms and condi¬ 
tions of the foregoing contract for excavation for stripping and 
shallow flowage and for building two roads, «t Basin No* 5, in 

Southborough, on. part to be kept and performed, and 

shall indemnify and save harmless the said City of Boston, as 
therein stipulated, then this obligation shall be of no effect; 
otherwise it shall remain in full force and virtue# 

In Witness Whereof^ we hereto set our hands and seal* on 

this. day of_____in the year eighteen huinircd 

and ninety four* 

....... C-Skai.. ) 

— ... [Sicas*. ) 

— ........ [Skas.. I 

— ......... . [Seal, j 

.. [SSAL.J 


Signed and Sealed in presence of 
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190 . Indemnity Bond. The following is a common 
form of bond to cover all liens which may arise from a failure 
of the contractor to pay for his labor and materials. 


Know all Men by these Presents : That_of —_ 

as principal, and-of-as surety, are held and firmly 

bound unto the-in the penal sum of -dollars, to 

the payment of which well and truly to be made we bind our¬ 
selves, our heirs, executors, administrators and assigns firmly bv 
these presents. ^ ^ 

Signed this-day of-189—, 

The Condition of the above Obligation is such that; 

Whereas, the said-has this day entered into a con¬ 
tract m writing with the said-for the grading and con¬ 

struction of a certain —-1— with ditches, roadways, and other 
works connected therewith, as more specifically set forth in said 
contract: 


Now, Thereeore: If the said - shall well and 

truly perform his part of said contract, and each and every cov¬ 
enant and agreement therein contained, and shall indemnify 

and save harmless the said-from and against all damages 

which It may sustain by reason of liens for labor and materials 
furnished for said work, or hy reason of the failure of said 

-- to pay the wages and earnings of any of the——r— 

laborers or mechanics employed by him as such contractor, in 
and about said work; or by reason of his failure to pay for any 
materials, provisions or^ goods of any kind furnished, or by 
reawn of any just debts incurred in carrying on said work; and 

If the said - shall pay to the said -- all sums of 

money, damages, or costs and expenses which it may be com¬ 
pelled to pay, or which it may sustain by reason of his failure 

as aforesaid, and if the said - shall pay all laborers, 

inechanics and material men, and persons who may have sup¬ 
plied provisions or goods of any kind, all just debts due to such 
persons, or to any person to whom any part of such work was 
obligation shall be void, otherwise of full force 

and cflect. 


[Seal.] 
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APPENDIX A. 

PRELIMINARY SURVEYS AND EXAMINATIONS FOR BRIDOR 
RENEWALS. 

The following Instructions to Assistant Engineers are 
used by the engineer of bridges and buildings on the C., M. & 
St. P. R’y, and are inserted here as an illustration of the scope 
and character of the inquiries and investigations necessary for 
an intelligent solution of the problem in hand. It is only by 
means of such complete and detailed information that all future 
contingencies can be foreseen and provided for, so that there 
shall be no “unexpected” to happen. It is a common saying 
that “the unexpected always happens.” In good engineering, 
“It is only the unexpected which can happen,” since what was 
anticipated has been fully provided against. In the iisi engi- 
neering designs, however, every possible contingency has been 
foreseen and provided for, so there is no unexpected left which 
can happen, and hence security and permanence are asiured in 
advance. The following instructions are a good illustration of 
this kind of preliminary survey of the problem which puts the 
engineer in a position to perfectly fit the design to all the con¬ 
ditions of the problem: 

Instructions to Assistant Engineers in Regard to Smrv^s for 
the Renenval of Wooden Bridges with Pirma-^ 
nent Structures* 

(1) Gather information from the chief engineer*# oibcc 
and from the office of the engineer and superintendenl of 
bridges and buildings relative to the grade, alignment, right- 
of-way for embankment and borrow pits, second track ion- 
struction, contracts relating to crossings or cattle pusses, recom¬ 
mendations already made by others as to style of reconstruefinu 
and any other matters that are liable to have a bearing on \\%nk 
in question. 

(2) Determine the elevation of base of rail above an 
assumed datum across the bridge and for a distance of 

feet on each side of it, at intervals of 100 feet, or less when tiie 
irregularities of the track make it necessary. 

(3) Consider the question of changing grade and note 
the kind, condition and depth of ballast as well as other points 
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that will assist in determining the expense and practicability of 
making a change. ^ 

(4) Obtain particularly notes of the ground surface that 
will be covered by the proposed structure or embankment, by 
determining its elevation on the center line of bridge and when 
necessary on each side of same. These heights may be meas¬ 
ured from the base of rail at each bent or panel point but should 
refer to the datum used in the survey, and additional notes 
should be made of intermediate irregularities that would con¬ 
cern the height of pedestals located between bents. 

(5) Establish and note two bench marks on solid objects, 
conveniently located, one each way from the bridge, and which 
are unlikely to be disturbed during the construction of the per¬ 
manent structure. For ordinary cases a track spike driven in 
a telegraph pole will be suitable. 

(6) Note the alignment of the track at the structure and 
consider whether there is any evident reason for changing same. 

(7) Consider the question of second track construction as 
concerning any change in alignment or in location of bridge. 
Conclude on which side of the present track the second track 
should be constructed and make note of the grounds for your 
conclusion. 

( 3 ) When track across the bridge or near the bridge is 
curved make full notes of elevation of outer rail. If the point 
of curve is so located that the elevation of outer rail on bridge 
is varying, determine by eye the location of point of curve 
and of the point where the elevation is commenced. On iron 
bridges the elevation should be constant when practicable. 

(9) Take notes for a sketch of the water course for a 
sufficient distance on each side of the bridge, to determine 
whether a change in location of channel or an improvement in 
the cjiannel is advisable, and indicate your recommendations in 
this regard, remembering that the most favorable condition for 
a bridge is usually a deep channel at right angles to the railway 
for some distance above and below the bridge. Contours in 
the immediate vicinity of the bridge should be sketched in. 
Ordinarily this can be done with sufficient accuracy by the eye, 
or by taking a few offsets. 

(10) Ascertain the nature of foundations, whether soft, 
requiring pile foundations, or of sand, or of hard clay, or of 
rock. Reports should state the character, depth and dip of the 
strata. 

(11) Ascertain present, ordinary and extreme high water 
marks. Inquire into cause of high water; whether by ordinary 
heavy rains, by water-spout, by damming from accumulations 
of drift or ice, or by overflow from other water courses, or 
from other causes which may be apparent. 
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(12) Note the probability of ice, drift-wood, hay, corn¬ 
stalks, fencing, etc., lodging against the proposed iron bridge. 

(13) Take notes of the size of channel, area of waterway 
required, direction of current, etc. 

(H) Ascertain if there is to be provided under the 
bridge a public or private roadway, wagon-pass or cattle-pass, 
with dimensions and conditions controlling the same. 

(15) If any portion of the bridge is to be filled, make an 
examination of the ground and state where the material can be 
obtained, and whether inside of the boundaries of the right-of 
way, or on land which will have to be purchased. 

(16) Ascertain whether any additional right-of-way is 
required for any purpose connected with the work, and if so 
note location and amount. 

(17) Examine as to a suitable location for a stone yard, 
and for the storing of piles, timber and iron-work; also as to 
convenient locations for derricks and what provision will be 
required for suitable anchorage for derrick guys. 

(18) If the proposed reconstruction involves any ques¬ 
tion of purchasing land or privileges, report the situation with 
advice, but avoid conversation with property owners which 
would in any way interfere with relations that may be estab¬ 
lished later between them and an agent authorized to make 
purchases or settle claims. 

(19) Inquire as to the accommodations for boarding and 

lodging for workmen and how they can get to and from their 
work. " 

(30) Inquire into ^ the condition of train service at the 
location with regard to the frequency of trains and the speed at 
which they ordinarily run over the bridge. 

(21) If piles are to be driven, make your recommenda¬ 
tion as to whether they should be driven with a land or •track 
driver, and if with a track driver, state the nearest side-track 
to which it must retreat for passage of trains. 

(33) Make preliminary estimates of the cost of the per¬ 
manent structure, taking your prices from the tables of cost of 
iron bridges and abutments which are furnished you and from 
them make your recommendation for the permanent bridge. 

(33) Make your recommendations as to the angles of 
piers and abutments, remembering that a square span is one in 
which its ends are at right angles to its longitudinal axis, and 
in a skew span the angle of skew is the’enclosed angle between 
the end of the span and a line at right angles to its longitudinal 
axis. 

(34) Make your recommendation as to what riprapping 
is required, with the amount and method of using it. 
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(25) Advise what is the best season of the year in which 
to do the work with reference to high water, ice, cold weather, 
interruption of traffic, facility for obtaining labor and material, 
etc. 

(26) Report any information you can obtain with refer¬ 
ence to using local material in. the work, such as piles, timber, 
lumber, stone, sand, brick, etc. 

(27) Avoid confusing terms in your notes. For instance 
the term “base of rail” is preferable to “grade.” See B. & 
B., Rule 7 g- 

FINALLY. After obtaining information on the points 
hereinbefore mentioned and all other data which you can find 
within your reach, consider the question of renewal just as if 
you had to make the full decision and were responsible for 
building the best bridge with the greatest economy and least 
risk; and make your report in such shape that the draughting 
office will have all the instruction which it requires for making 
the plans. This information may be furnished in writing and 
on a profile and map, and you are cautioned that your work 
will be judged by your giving the fullest accurate information 
with the fewest notes and the least amount of drawing. 

O. B. 






TESTING OP HYEKAULIO CEMENTS. 


517 


APPENDIX B. 

General Specifications for the Testing of Hy¬ 
draulic Cements, adopted by a Board of U. S. 
Engineer OflO^cers in 1901, and used by the Engineer 
Department of the U. S, Army."^ 

TESTS TO BE MADE. 

For selecting Portland and Puzzolan cement from among 
the brands offered, the Board recommends that the following 
tests be made: 

1. Fpr fineness of grinding. 

2. For specific gravity. 

3- For soiindness, or constancy of volume in j 

4. For time of setting. 

5^. For tensile strength. 

bor Natural cement we recomm/wd the omission of the 
specific gravity and soundness tests. 

On the works the Board recommends simple tests when 
tlie more tbaborate tests can not well be made. 

In tletcTinining the minimum requirements for cements 
given in the subjoined specifications we recognize that many 
cements that attain only fair strength Tieat and with sand in a 
short time and show niarkcd gains of strength on further 
time will fulfill the recpiirements of the service, and that unusu- 
ally high tc‘nsile strength attained in a few days after gaug- 
mg IS often conpk‘d with, a small or negative increase in 
strength in fnrther short intervals. Umisnally high tests in 
a short time after gauging should be regarded'with suspicion, 
altluaigli some well known brands of American cements show 
great strength in shortdime tests and, so far as observed, are 
reliabk* in air and fresh water. Cement ofTc‘red under such 
known lirands should show their characteristic strength and 
cjther qualiti(*s nr be suspected as spurious or adulterated, if 
not rejtTted, ev(‘n thougli the minimum refinirements of the 
s|HTifira{ioiis art^ nu't. practice of offering a bonus or 

free^ gilt f)f inoiuw in ad<lition to the contract price for ceuKail 
t(‘sting above a fixetl high j)f»int slionld he prohihitcfl as nnn(a> 
essary, for ctanents so f»hlained are likely to he nnsotmd in a 
manner not t'asily (kicrted in the time usually available in 
tt*sting. 

It is believed tliat most of tbe very high testing Portland 
cements have lime in excess, the effect of which is temporarily 

of thk Board w.t.r« Major Wm. L, Marglmll, Major Smith S. Leach, 
arul raptain Spnu-or 
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masked by the use of sulphate of lime. Overlimed cements so 
treated are unfit for use in sea water. For such uses a chem¬ 
ical analysis should be required, and the quantity of sulphuric 
acid, as well as magnesia, be limited to a low percentage. It 
is not yet known that sulphate of lime in quantity less than ^ 2 
per cent is injurious to cements to be used in fresh water or in 
air. It masks expansives that might ultimately cause the de¬ 
struction of the work, but it is not known whether this effect 
is permanent. Its addition is now deemed necessary to control 
time of setting. It makes a quick-setting cement slow setting, 
at the same time increasing tensile strength acquired in short 
time. 


MANIPULATION OF CEMENTS FOR TESTS. 

J. Fineness. 

Place 100 parts (denominations determined by subdmsions 
of the weighing machine used) by weight on a sieve with 100 
holes to the linear inch, woven from brass wire No. 40, Stubb's 
wire gauge; sift by hand or mechanical shaker until cement 
ceases to pass through. 

The weight of the material passing the sieve plus the 
weight of the dust lost in air, expressed in hundredths of the 
original weight, will express the percentage of fineness. ^ In 
order to determine this percentage the residue on the sieve 
should be weighed. 

It is only the impalpable dust that possesses cementitious 
value. Fineness of grinding is therefore an essential quality 
in cements to be mixed with sand. The residue on a sieve of 
TOO meshes to the inch is of no cementitious value, and even 
the grit retained on a sieve of 40,000 openings to the square 
inch is of small value. The degree of fineness prescril)ed in 
these specifications (92 per cent) for Portland through a sieve 
of 10,000 meshes to the' square inch-is quite commonly attaine 1 
in high-grade American cements, but rarely in importe<l 
brands. On the Pacific coast, where foreign cements only are 
in the market, this requirement may be lowered for tlie present 
to 87 per cent on No. 100 sieve. 

11. Specific Gravity. 

The standard temperature for specific gravity determina¬ 
tions is 62 degrees F., but for cement testing temperatures may 
vary between 60 and 80 degrees F. without affecting results 
more than the probable error in the observation. 

Use any approved form of volumenometer or specific grav¬ 
ity bottle, graduated to cubic centimeters with decimal sub- 
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divisions. Fill instrument to zero of the scale with benzine, 
turpentine, or some other liquid having no action upon cements. 

. too grams of sifted cement that has been previously 

dried by exposure on a metal plate for twenty minutes to a 
drydieat of 212 degrees F., and allow it to pass slowly into the 
tiuid of the volumenometer, taking care that the powder does 
not stick to. the sides of the graduated tube above the fluid and 
that the funnel through which it is introduced does not touch 
the fluid. 

Read carefully the volume of the displaced fluid to the 
near^t fraction of a cubic centimeter. Then the approximate 
specihc gravity will be represented by 100 divided by the dis¬ 
placement in cubic centimeters. 

The operation requires care. 

III. Setting Qualities and Soundness. 

■ • quantity of water and tlie temperature of water and 

air affect the time of setting. The specifications contemplate 
a temperature varying not more than 10 degrees from 62 de- 
grees^F., and quantities of water given herein: 

For Portland cements use 20 per cent of water. 

For Puzzolan cements use 18 per cent of water. 

For Natural cements use 30 per cent of water. 

_ Mix thoroughly for five minutes, vigorously rubbing the 
mixture under pressure; time to be estimated from moment of 
addihg water and to be considered of importance. 

Make on glass plates two cakes from the mixture about 
three inches in diameter, half an inch thick at middle, and 
drawn to thin edges, and cover them with a damp cloth or 
place them in a tight box not exposed to currents of dry air. 
At the end of the time specified for initial set apply the needle 
one-twelfth of an inch diameter weighted to one-fourth of a 
liouiid to one of the cakes. If an imlentation is made the 
cement passes the requirement^ for initial setting, if no indenta- 
tion IS inade hy_ the needle it is too quick setting. At the end 
<_if the time .specific‘d for “final set” apply the needle one twenty- 
toiirtli of an inch diameter loaded to one pound. The cement 
cake sliould not be indented. 

I'.xpose the two cakes to air under damp clotli for twenty- 
four hours. Place one of the cakes, still attached to its plate, 
in water for twenty-eight days; the other cake immense in 
water at about 7 n degrees tenqicraturc supported in a rack 
above tlie bottom of tlic receptacle; raise the water gradually to 
the boiling point and maintain this temperature for six hours 
and then let the water with cake immersed cool. Examine the 
cakes^at the proper time for evidences of expansion and distor- 
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tion. Should the boiled cake become detached from the plate 
by twisting and warping or show expansion cracks the cement 
may be rejected, or it may await the result of twenty-eight days 
in water. If the fresh-water cake shows no evidences of swdl- 
ing,' the cement may be used in ordinary work in air or fresh 
water for lean mixtures. If distortion or expansion cracks are 
shown on the fresh-water cake, the cement should be rejected. 

Of two or more cements offered, all of which will stand 
the fresh-water cake test for soundness, the cements that will 
stand the boiling tests also are to be preferred. 

IV, Tensile Strength. 

Neat Tests .—^Use unsifted cements. Place the amount to 
be mixed on a smooth, nonabsorbent slab; make a crater in the 
middle sufficient to hold the water; add nearly all the water 
at once, the remainder as needed; mix thoroughly by turning 
with the trowel, and vigorously rub oj work the cement for 
five minutes. 

Place the mold on a glass or slate slab. Fill the mold with 
consecutive layers of cement, each when rammed to be one-fourth 
of an inch thick. Tap each layer 30 taps with a soft brass or 
copper rammer weighing i pound and having a face three- 
foiirths of an inch diameter or seven-tenths of an inch square 
with rounded corners. The tapping or ramming is to be done as 
follows: while holding the forearm and wrist at a constant 
level, raise the rammer with the thumb and forefinger about 
half an inch and then let it fall freely, repeating the operation 
until the layer is uniformly compacted by thirty taps. 

This method is intended to compact the material in a man¬ 
ner similar to actual practice in construction, when a metal 
rammer is used weighing 30 pounds, with a circular head 5 
inches in diameter falling about 8 inches upon layers of mortar 
or concrete 3 inches thick. The method permits comparable 
results to be obtained by different observers. 

After filling the mold and ramming the last layer, strike 
smooth with the trowel, tap the mold lightly in a direction 
parallel to the base plate to prevent adhesion to the plate, and 
cover for twenty-four hours with a damp cloth. Then remove 
the briquette from the mold and immerse it in fresh water, 
which should be renewed twice a week for the specified time 
if running water is not available for a slow current. If molds 
are not available for twenty-four hours, remove from the molds 
after final set, replacing the damp cloth over the briquettes. 
In removing briquettes before hard-set great care should be 
exercised. Hold the mold in the left hand, and, after loosen¬ 
ing the latch, tap gently the sides of the mold until they fall 
apart. Place the briquettes face down in the water trough. 
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by weight PcJrtland cement use 20 per cent of water 

vre^gh't^^^ Puzzolan cement use 18 per cent of water 

w^ghr^^ Natural cement use 30 per cent of water 

Nearly all this water is retained by Portland cement 
wh^eas only about one-third of the gauging water is retained 
by Paz.ok„ or N«„ral cements; froV fh/irSSowsS 
appaient condition of plasticity or fluidity that ultimately little 
injures Portland paste, very seriously injures Puzzolan or 
Natural mortars and concretes by leaving a porous texture on 
the evaporation of the surplus water. 

Sand Tests.—The proportions i cement to 3 sand are to be 
of ^zzolan and Portland, and i cement to i sand 
m tests of Natural or Rosendale cements. Crushed quartz 
pnd, sifted to pass a standard sieve with 20 meshes per linear 
inch and to be retained on a standard sieve with 30 meshes to 
the inch, is to be used. 

, carefully, mix dry the cement and sand 

until the mixture is uniform, add the water as in neat mix¬ 
tures, and mix for five minutes by triturating or rubbing to¬ 
gether the constituents of the mortar. This may be done ifnder 
pressure with a trowel or by rubbing between the fingers, using 
rubber gloves. The rubbing together seems necessary to coat 
thorou^ily the facets of the sand with the cement paste. 

It IS found that prolonged rubbing, when not carried be- 
ynnd the time of .initial set, results in higher tests. Five min¬ 
utes is the time of mixing quite generally adopted in European 
specifications. Ihe briquettes are to be made as prescribed for 
neat mixtures. ‘ 

Portland cements require water from ii to 12A per cent bv 
weight of constituent sand and cement for .maximum strength 
in te.sted briquettes. . 

Puzzolan, about 9 to 10 per cent. 

Natural, about 15 to i7 per cent. 

Mixtures that a first appear too dry for testing purposes 
often become more plastic under the prolonged working re¬ 
quired herein. ® 

Tn general, about four briquettes constitute the maximum 
numlicr that may be made well within the time required for 
initial setting of moderately slow setting cements. 

Three such batches of sand mixtures should be made and 
one briquette of each batch may be broken at seven’ and 
twenty-eight days, giving three tests at each period. At 
least one batch of neat cement briquettes should be made 

If the first briquette broken at each date fulfills the mini- 
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mum requirement of these specifications it is not accessary to 
break otLrs which may be reserved for long-time ^ 

If the first briquette does not pass the test for tcnsni- 
strength, then briquettes may be broken until six bruiucttes 
two from each batch, have been broken at seven days aiu the 
remaining six reserved for twenty-eight-day tes s. 1 he ugli¬ 
est result from any sample is to be taken as the strength n 
the sample when the break'is at the least section of briqiieUc. 

If, on the twenty-eight-day tests, the cement not only i_ii<n-e 
than fulfills the minimum requirements of these specifications, 
but also shows unusual gain in strength, it may still be accepted 
if the other tests are satisfactory, notwithstanding a low seven- 
day, test, if early strength is not a matter of importance, bitch 
cements are likely to be permanent. ^ 

For a batch of four briquettes, the following quantities are 
suggested as in accord with these specifications. Water m 
measured by fluid-ounce volumes, not by weight, temperature 
varying not more than lo degrees from 62 degrees r. 

Portland Cement. 


Neat.—20 ounces of cement, 4 ounces of water. Mix wet 
five minutes. 

Sand. —15 ounces sand, 5 ounces cement, 2| ounces water. 
Mix thoroughly dry; then mix wet five minutes. 


Puzzolan Cement. 

jsjeat—20 ounces cement, 3I ounces water. Mix wet five 

minutes. 1 

Sand. — IS ounces sand, 5 ounces cement, 2 ouiicc*s water. 
Mix thoroughly dry; then mix wet five minutes. 

Natural Cement. 


Neat. — 20 ounces cement, 6 ounces water. Mix wet five 
minutes. 

Sand. — 10 ounces cement, 10 ounces sand, 3I ounces wa¬ 
ter. Mix dry; then wet for five minutes. 

For measuring tensile strength, a machine that applies lla* 
stress automatically at a uniform rate is preferable’ tn on * 
controlled entirely by hand. 

TJiese specifications for tensile strength rontfiiiplate the 
applications of stress at the rate of 400 pounds pen* nimiite !»> 
briquettes made as prescribed herein. A raU* so rapid as 
approximate a blow or so slow as to approximate a continii* ! 
stress will give very different results. 

The tests for tensile strength are to he made iiiinu^fliatelv 
after taking from the water or while tlie briquettes are sfitf 
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wet. The temperature of the water during immersion should 
be maintained as nearly constant as practicable; not less than 
SO degrees nor more than 70 degrees F. 

1 he tests are to be made upon briquettes i inch square at 
place of rupture. The specifications contemplate the use of 
the form of briquette recommended by the committee of the 
American Society of Civil Engineers, held when tested bv 
c ose-ntting metal clips, without rubber or other yielding 
contacts. The breaks considered in the tests are to be those 
occurring at tlie smallest section, i inch square. 

SIMPLE TESTS. 

Tests of cement received upon a work in progress must 
often be of much simpler character than prescribed herein. 

J ests on tlie work are mainly to ascertain whether the 
article supiilied is genuine cement, of a brand previously 
tested and accepted, and whether it is a rea.soiiably .sound and 
active cement that will .set hard in the desired time, and give 
a good, hard mortar. Simple tests may give thi.s information, 
and such .should be multiplied whether or not more elaborate 
tests be made, rats and balls of cement and mortar from tlie 
stnreionse and mixing platform or maebine should be fre- 
ipiently ma< e. 1 he .setting or hardening fpialities, as deter¬ 
mined roughly by estimating time and by pressure of the 
thumbnail, should be olxscrved; the hardiie.ss of the .set and 
strength, by cracking the hardened jiats or cakes between the 
tingers, and by dropping the balls from the height of tlie arm 
upon a pavement or stone and observing the result of the im- 

Ily jiladng the pats in water as .soon as hardened suffi- 
i-ieiilly and raising the temperature to the boiling point for a 
tew hours .and ob.serving the character and color of the fracture 
altia- sulhcieiil immersion, information as to the character of 
the material, whether hydraulic, a Portland or Puzzolan 
whether too fri'sb or possibly "blowy,” may Ik* .speedily ami 
rjiute \v(‘]l asn‘r(anu*(l vvitiKmt itLstninicnts. 

.Many engineers .and users of eenient regard such .simple 
lots, taken 111 connection with the weight ami fiiicne.ss of the 
eenient and the apparent texture and hardiie.ss of the mortars- 
.•ind cnncn-ics m the work, siiflicient field te.sts of ;i ni.almaal 
ot known repnie. 'Fhe more elaborate te.sts. de.smabed above, 
should lie made in well eriuipiied laboratories bv skilled ciamait 
testers. 

Cl.ASSn-'K'ATlON OF TK8TH 

I'lic tests to be mafic are two classes: 

(r) Purchase tc'sts on .samples furnishofl In- bidders to 
ascertain whetlier the bidder mav be held on tlie sample to the 


524 


COMPLETE SPEOIFIOATIONS. 


delivery of suitable material, should his offer be accepted. 

(2) Acceptance tests on samples taken at random from 
deliveries, to ascertain whether the material supplied accords 
with the purchase sample, or is suitable for the purpose of the 
work, as stated in the specifications for cement supplies.^ 

(1) Purchase Tests .—Under these specifications bids for 
Portland cements will be restricted to brands that have been 
approved after at least three years^ exposure in successful use 
under similar conditions to those of the proposed work. 1 ins 
specification limits proposals to manufacturers of cements of 
established repute, and in so far lessens the dependence to he 
placed upon tests of single samples of cement in determining 
the probable quality of the cements offered, that sam})lc pack¬ 
ages may not be required with the proposals when the brand is 
known to the purchaser. When the cement is not known to the 
purchasing officer by previous use, a barrel of it shoukl be re¬ 
quired as representing the quality of cement to be supplied. A 
full set of tests should be made from this sample, and subsequent 
deliveries be required to show quality at least equal to the sani- 
pie. 

In this connection it is advisable in districts where well- 
equipped laboratories have been established, that sample pack¬ 
ages of the cements in use in that territory, as sold in the open 
market, be obtained and tested as occasion offers to ascertain 
the characteristic qualities of the brands as commercial articles, 
the information to be used in subsequent purchases of et^numts. 

When purchase samples are waived, acceptance tests shf>iiM 
be based upon the known qualities of the brand, as shown l»y 
previous tests. 

The sample barrel should not he broken further than 
take therefrom the necessary samples for testing. Afterwards 
it should be put away in a dry place and kept for furtlan’ test 
ing, should the results obtained be disputed. 

(2) Acceptance Tests .—The tests to he made on cements 

delivered under contract depend not only on the extfml, char 
acter, and importance of the work itself, but also on the tinn 
available between the delivery and the actual (i tlie ma 

terial. 

(a) On very important and extensive works, er|iii|»prd 
with a testing laboratory and adequate storc‘lioii«f^s. 
cement may be kept at least thirty days 1'K‘fore lieint!* 

for use, full and elaborate tests sbnnid he made*. kcc|i!iic in 
view the fact that careful tests of few samples are iia re* vain 
able than hurried tests of many samples. 

(b) On active works of ordinary character, wlieii tirii * 
will not permit full tests, and on small works wliere tlir 
penses of a laboratory are not justified, tlic tests iiiusf in‘ce‘ 
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sanly be limited to such reasonable precautions against the ac¬ 
ceptance and use of unfit material as may be taken in the usually 
short interval between the receipt and use of the material. 

_ Such conditions were in view in formulating the specifica¬ 
tion that proposals will be received from manufacturers of such 
cements only as have been proved by at least three years’ use 
under similar conditions of exposure. Of the tests named in 
the specifications those for fineness, activity or hydraulicity, 
specific gravity, weight of packages, and accelerated tests, for 
indications as to soundness, may be made within two days after 
the receipt of the material and with a very small outlay for 
instruments. 

Cement of established repute, shown by specific gravity 
and fineness to be properly burnt and ground, or normal for 
the brand, that will set hard in reasonable time, the cakes, snap¬ 
ping with a clean fracture when broken between the fingers, 
and standing the tests above named, may be accepted and used 
with reasonable certainty of success. Nevertheless, packages 
taken at random from the deliveries should occasionally be set 
aside and samples taken therefrom sent to a testing laboratory 
for the more elaborate tests for tensile strength (and for sound¬ 
ness should the boiling tests not be conclusive). The final ac¬ 
ceptance and payment for such cement as may not have been 
actually placed in the work should, by agreement, be made to 
depend upon such tests. 

In all cases where cement has been long stored it should be 
carefully tested before use to ascertain whether it has deterio¬ 
rated in strength. 

.Should the simple tests give unsatisfactory or suspicious 
results, then a full series of tests should be carefully made. 

When Portland cement is in que.stion the specific gravity 
and fineness tests should be made to guard against adulteration, 
and in all cases test weighings should be made to guard against 
.short weights. 

In ca.ses where the amount of cement or the importance of 
the work will not justify the purcha.se of the simple apparatus 
required for the spirific gravity, fineness, and boiling tests, 
the cement ran he accepted on the informal tests mentioned 
herein, which require no apparatus whatever, hut in such cases 
cements well known to the inirchaser by previous use .shouM 
he .selected, and purchased directly from the manufacturer or 
his selling agent in order that responsibility for the cement mav 
he tixed. 

rerfified tests liy jirofessional inspectors made as pre- 
scrihed hcreiii on samples taken from the cement to he shipped 
to the work, in a manner analogous to that customary among 
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engineers in the purchase of structural steel and iron, may h<‘ 
required in such cases. 

SAMPLING. 

The entire pnckap *»■” te*Ul lie 

a?rach^?"M *"'’' 

‘‘“"'Cement drawn from several sample P?*Jf * 

mixed or mingled, but the individuality of each s<iinplc package 

'^'°"ln^sting1^^should be borne in mind that a few test.s from 
any sarnie, ciefully made, are more valuable than many nuule 

""'^^The amount of material to be taken for foniial tests is indi¬ 
cated herein where weights of the constituents of four briquetU .s 
Se given! to which should be added the amount necessary for 
tiip feqts for soecific gravity, activity, and soundne.s.s. 

ifeSended tests the material should be taken from tiie 
sample package from the heads and center of barrel, and from 
the aids and center of bag, by such an instrninent as is usd 
bv inspectors of flour. All materials taken froia he same 
sample package may be thoroughly mixed or mingled and i 
tests be made therefrom as showing the true elun.ictei tjf tilt 

contents of the sample package. , c . . „f 

In making formal tests at the work for aefept.nue ut 
cement sample packages should he taken at randnm from am. mg 
sound packages. The mmilier taken must depend uixm the nn 
portance and character of the work, the aviiilable time, and tlM- 
capacity of the permanent lal)oratory have, h.r n-nsil- 
strength the tests with sand are consnlered the more inip-.ii.m 
and should always be made. Tests neat shoiiid lie ni.ide it 

time permits. .... 

It is not necessary in any case on a wiirk I** iiimii* 
than 10 per cent of the deliveries, even of flonliltn! c'liiiiiif, .iiio 

a much less number of .samples may he taken should ti.. . -.n 
for distnest be revealed by the tests made. In wry luipoif.tni 
work of small extent each package may he testeil. A 
should be rejected if the saniple.s show ilangeroiis vanalion >n 
quality or lack of care in manufacture and resulting l.ml. 
uniformity in the product without regard to tlu' proportion ><r 
failures among samples tested. 

In all cases in the use of cements the informal nr smin'o 
tests of the character named herein slioiild he eonstanth . uiied 
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on. These constitute most valuable tests. Whenever any 
faulty material is indicated by such tests, elaborate tests should 
be at once instituted and should the fault be confirmed, the 
cement delivered and not used should‘be rejected and the use 
of the brand be discontinued. 

TESTS FOR WEIGHT. 

From time to time packages should be weighed in gross 
and afterwards the weight of neat cement and tare of the pack¬ 
ages determined. If short weight of neat cement is indicated, 
a sufficient number of packages should be weighed and the 
average net weight per package ascertained with sufficient cer¬ 
tainty to afiford a satisfactory basis of settlement. 

RECORDS. 

For tests at professional laboratories no general require¬ 
ments as to records seem to be necessary. Each laboratory 
has its own blanks with certificate, and if a copy of the speci¬ 
fications be sent with the samples, the record returned should 
be sufficient. For records of formal tests on the work, or in a 
district laboratory, blank forms should be used. It is desir¬ 
able to have the specification requirements stated on the form. 
Notations should be adopted to show for each test that the 
cement passed or failed or that the test was not made. No 
inference should be drawn from the lack of any entry other 
than that the recorder has neglected his duty. 

SILICA CEMENT OR SAND CEMENT. 

This is a patented article manufactured by grinding to¬ 
gether silica or clean sand with Portland cement, by which pro¬ 
cess the original cementing material is made extremely fine and 
its capacity to cover surfaces oi concrete aggregates is much 
increased. The sand is an, adulteration, but on account of the 
extreme fineness of the product it serves to make mortar or 
concrete containing a given proportion of pure cement much 
more dense, the fine material being increased in volume. 

The increase in cementing capacity due to the fine grinding 
of the cement constituent offsets, in great degree, the effects of 
the sand adulteration, so that sand cement made from equal 
weights of cement and sand approximates in tensile strength to 
the neat cement and the material is sold as cement. 

The extreme fine grinding also improves cement that con¬ 
tains expansives, but nevertheless sand cement should not be 
purchased in the market, but should be made on the work from 
approved materials, if used for other purposes than for grout¬ 
ing, for which it is peculiarly adapted. 
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Whether this material should be used in important works 
for mortar and concrete, the Board considers a question of cost 
and expediency. 

Over against the saving in cement may be placed the 
royalty on a patented article, .the cost of the plant and of manu¬ 
facture,, the inconvenience of attaching a manufacturing estab¬ 
lishment to a work under construction, and other elements bear¬ 
ing not only on first cost of cementing material but also involv¬ 
ing the element of time. When cement is high priced, means 
of transportation limited, labor, sand, and concrete materials 
cheap and abundant, the conditions may justify the use of sand 
cement on economic grounds. In any case, the cement from 
which the product is made should be tested precisely as other 
cements.^ 


SLAG CEMENT. 

This term is applied to cement made by intimatelyimixing 
by grinding together granulated blast-furnace slag of a certain 
quality and slaked lime, without calcination subsequent to the 
mixing. This is the only cement of the Puzzolan class to be 
found in our markets (often branded as Portland), and as true 
Portland cement is now made having slag for its hydraulic base, 
the term slag cement should be dropped and the generic term 

ts and specifications for such 

eClllCilLS. 

Puzzolan cement made from slag is characterized physi¬ 
cally by its light lilac color; the absence of grit attending fine 
grinding and the extreme subdivision of its slaked lime ele¬ 
ment; Its low specific gravity (2.6 to 2.8) compared with Port- 
land (3 to 3*5) ^ by the intense bluish green color in the 
fresh fracture after long submersion in water, due to the pres¬ 
ence of sulphides, which color fades after exposure to dry air. 

The oxidation of sulphides in dry air is destructive of Puz¬ 
zolan cement mortars and concretes so exposed. Puzzolan is 
usually very finely ground, and when not treated with soda sets 
more slowly than Portland. It stands storage well, but cements 
treated with soda to quicken setting become again very slow- 
setting from the cafbonization of .the soda (as well as the lime) 
element after long storage. 

Puzzolan cement properly made contains no free or anhy¬ 
drous lime, does not warp or swell, but is liable to fail from 
cracking and shrinking (at the surface only) in dry air. 

_ Mortars and concretes made from Puzzolan approximate 
in tensile strength similar mixtures of Portland cement, but 
their resistance to crushing is less, the ratio of crushing to’ ten¬ 
sile strength being about 6 or 7 to i for Puzzolan and 9 to ii 
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to I for Portland. On account of its extreme fine grinding 
Puzzolan often gives nearly as great tensile strength in 3 to i 
mixtures as neat. 

Puzzolan permanently assimilates but little water com¬ 
pared with Portland, its fime being already hydrated. It should 
be used in comparatively dry mixtures well rammed, but while 
requiring little^ water for chemical reactions, it requires for per¬ 
manency in the air constant or continuous moisture. 

PROPER USES OF PUZZOLAN CEMENT. 

Puzzolan cement never becomes extremely hard like Port¬ 
land, but Puzzolan mortars and concretes are tougher or less 
brittle than Portland. 

The cement is well adapted for use in sea water, and gen¬ 
erally in all positions where constantly exposed to moisture, 
such as in foundations of buildings, sewers and drains, and 
underground works generally, and in the interior of heavy 
masses of masonry or concrete. 

It is unfit for use when subjected to mechanical wear, attri¬ 
tion, or blows. It should never be used where*^ it may be ex¬ 
posed for long periods to dry air, even after it has well set. It 
will turn white and disintegrate, due to the oxidation of its 
sulphides at the surface under such exposure. 

Specifications for Portland, Natural, and Puzzolan cement 
are appended hereto. 

Respectfully submitted. 

W. L. Marshall, 

Major, Corps of Engineers, 

'Smith S. Leach, 

Major, Corps of Engineers. 

Spencer Cosby, 

Captain, Corps of Engineers. 

Brig. Gen. G. L. Gillespie, 

Corps of Engineers, U. S. Army, Washington, D. C. 

SPECIFICATIONS FOR AMERICAN PORTLAND CEMENT. 

(I) The cement shall be an American Portland, dry^ and 
free from lumps. By a Portland cement is meant the product 
obtained from the heating or calcining up to incipient fusion 
of intimate mixtures, either natural or artificial, of argillaceous 
with calcareous substances, the calcined product to contain at 
least 1.7 times as much of lime, by weight, as of the materials 
which give the dime its hydraulic properties, and to be finely 
pulverized after said calcination, and thereafter additions or sub¬ 
stitutions for the purpose only of regulating certain properties 
of technical importance to be allowable to not exceeding 2 per 
cent of the calcined product. 

34 
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(2) The cement shall be put up in strong, sound barrels 
well lined with paper, so as to be reasonably protected against 
moisture, or in stout cloth or canvas sacks. Each package 
shall be plainly labeled with the name of the brand and of the 
manufacturer. Any package broken or containing damaged 
cement may be rejected or accepted as a fractional package, at 
the option of the United States agent in local charge. 

(3) Bidders will state the brand of cement which they pro¬ 
pose to furnish. The right is reserved to reject a tender for 
any’brand which has not established itself as a high"gra<le Port¬ 
land cement and has not for three years or more given satisfac¬ 
tion in use under climatic or other conditions of exposure of at 
least equal severity to those of the work proposed. 

(4) Tenders will be received only from manufacturers 
or their authorized agents. 

(The following paragraph will be substituted for para¬ 
graphs 3 and 4 above when cement is to be furnished ami placed 
by the contractor: 

No cement will be allowed to be used except estajdished 
brands of high-grade Portland cement which have been made 
by the same mill and in successful use under similar climatic 
conditions to those of the proposed work for at least three 
years.) 

(5) The average weight per barrel shall not be less than 

pounds net. Four sacks shall contain one barn*] of riiiuau. 

If the weight, as determined by test weighings, is fouiid to be 
below 375 pounds per barrel, the cement may he rejcrieck or 
at the option of the engineer officer in charge, the coiitractur 
may be required to supply, free of cost to the Unitec! States, 
an additional amount of cement equal to the shortage. 

(6) Tests may be made of the fineness, spc*cifir gravilv, 
soundness, time of setting, and tensile strength of tlie aaiient. 

" • (7) Fmewm.—Ninty-two per cent of tin* miieiii must 
pass through a sieve made of No. 40 wire, Stnblds gauge, hav^ 
ing 10,000 openings per square inch. 

(8) Speciiic Gravity, —Tlie specific gfavjfv of file renifiit, 
as' determined from a sample wliich has luTn'’carefully drimi, 
shall be between 3.10 and 3.25. 

(9) Sotmdiiess.--l^o test the soundness of the af 

least two pats of neat cement mixed for five rnirmtes witli 
per cent of water by weight shall be made on glass, eacdi paf 
about 3 inches in diameter and one-half inch thick at tlie cfiiff i* 
tapering thence to a thin edge. The pats are to bo krfit 

a wet cloth until finally set, when one is to lie plaof‘d in b 
■water for^twenty-eight days. The second pat will be* placer! hi 
water which will be raised to the boiling point for six Iioiirv 
then allowed to cool. Neither slioiihl sliow disioriion tir cracks* 
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The boiling test may or may not reject at the option of the 
engineer officer in charge. 

(10) Time of Setting .—^The cement shall not acquire its 
initial set in less than forty-five minutes and must have ac- 
quired its final set in ten hours, 

(The following paragraph will be substituted for the above 
in case a quick-setting cement is desired: 

The cement shall not acquire its initial set in less than 
twenty nor more than thirty minutes, and must have acquired 
its final set in not less than forty-five minutes nor in more than 
two and one-half hours.) 

^ The pats made to test the soundness may be used in deter¬ 
mining the time of setting. The cement is considered to have 
acquired its^ initial set when the pat will bear, without being 
appreciably indented, a wire one-twelfth inch in diameter loaded 
to weigh one-fourth pound. The final set has been acquired 
when the pat will bear, without being appreciably indented, a 
wire one twenty-fourth inch in diameter loaded to weigh i 
pound. 

(11) Tensile Strength .—Briquettes made of neat cement, 
after being kept in air for twenty-four hours under a wet cloth 
and the balance of the time in water, shall develop tensile 
strength per square inch as follows: 

After seven days, 450 pounds; after twenty-eight days, 
540 pounds. 

Briquettes made of i part cement and 3 parts standard 
sand, by weight, shall develop tensile strength per square inch 
as follows: 

After seven days, 140 pounds; after twenty-eight days, 
220 pounds. 

(In case quick-setting cement is desired, the following ten¬ 
sile strengths shall be substituted for the above: 

Neat briquettes: After seven days, 400 pounds; after 
twenty-eight days, 480 pounds. 

Briquettes of i part cement to 3 parts standard sand: 
After seven days, 120 pounds; after twenty-eight days, 180 
pounds.) 

(12) The highest result from each set of briquettes made 
at any one time is to be considered the governing test. Any 
cement not showing an increase of strength in the twenty-eight- • 
day tests over the seven-day tests will be rejected. 

(13) When making briquettes neat cement will be mixed 
with 20 per cent of water by weight, and sand and cement with 
12^ per cent of water by weight. After being thoroughly 
mixed and worked for five minutes, the cement or mortar will 
be placed in the briquette mold in four equal layers, and each 
layer rammed and compressed by thirty blows of a soft brass or 
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copper rammer three-quarters of an inch in diameter (or seven- 
tenths of an inch square, with rounded corners), weighing one 
pound. It is to be allowed to drop on the mixture from a height 
of about half an inch. When the ramming has been completed, 
the surplus cement shall be struck off and the final layer 
smoothed with a trowel held almost horizontal and drawn back 
with sufficient pressure to make its edge follow the surface of 
the mold. 

(14) ‘ The above are to be considered the minimum re¬ 
quirements. Unless a cement has been recently used on work 
under this office, bidders will deliver a sample barrel for test 
before the opening of bids. If this sample shows'higher tests 
than those given above, the average of tests made on stibs^quent 
shipments must come up to those found with the sample. 

(15) A cement may be rejected in case it fails to meet 
any. of the above requirements. An agent of’ the contractor 
may be present at the making of the tests, or,^ in case of the 
failure of any of them, they may be repeated in his presence. 
If the contractor so desires, the engineer officer in charge may, 
if he deem it to the interest of the United States, have any or 
all of the tests made or repeated at some recognized standard 
testing laboratory in the manner herein specified. All expenses 
of such tests to be paid by the contractor. All such tests shall 
be made on samples furnished by the engineer officer from 
cement actually delivered to him. 

SPECIFICATIONS FOR NATURAL CEMENT. 

(1) The cement shall be a freshly-packed natural or 
Rosendale, dry, and free from lumps. By Natural cement is 
meant one made by calcining natural rock at a heat below in¬ 
cipient fusion, and grinding the product to powder. 

(2) The cement shall be put up in strong, sound barrels, 
well lined with paper so as to be reasonably protected against 
moisture, or in stout cloth or canvas sacks. Each package 
shall be plainly labeled with the name of the brand and of the 
manufacturer. Any package broken or containing damaged 
cement may be rejected, or accepted as a fractional, package, at 
the option of the United States agent in local charge. 

(3) Bidders will state the brand of cement which they 
propose to furnish. The right is reserved to reject a tender 
for any brand which has not given satisfaction in use under 
climatic or other conditions of exposure of at least equal sever¬ 
ity to those of the- work proposed. 

(4) ■ Tenders will be received only from manufacturers 
or their authorized agents. 
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(The following paragraph will be substituted for para~ 
graplis 3 and 4 above when cement is to be furnished and 
placed by the contractor: 


No cement will be allowed to be used except established 
brands of high-grade natural cement which have been in suc¬ 
cessful use under similar climatic conditions to those of the 
proposed work.) 

(5) The average net weight per barrel shall not be less 
than 300 pounds. (West of the Allegheny Mountains this 
may be 265 pounds) . .. . sacks of cement shall have the 
same weight as i barrel. _ If the average net weight, as deter- 
mined by test weighings, is found to be below 300 pounds (26^ 
pounds) per barrel, the cement may be rejected, or, at the 
option of the engineer officer in charge, the contractor may be 
required to supply free of cost to the United States an addi¬ 
tional amount of cement equal to the shortage. 

(6) Tests may be made of the fineness, time of setting, 

and tensile strength of the cement. ^ 

( 7 ) Fineness. ^At least 8o per cent of the cement must 

pass through a sieve made of No. 40 wire, Stubb’s gauge hav- 
mg 10,000 openings per square inch. ^ 

• Time of Setting,—Tht cement shall not acquire its 

initial set less than twenty minutes and must have acquired 
its final set in four hours. ^ 


(9) The time of setting is to be determined from a pat of 
neat cement mixed for five minutes with 30 per cent of water 
by weight and^ kept under a wet cloth until finally set. The 
cement is considered to have acquired its initial set when the 
pat will bear, without being appreciably indented, a wire one- 
uyelith inch m diameter loaded to weigh one-fourth pound, 
l ip final set has been acquired when the pat will bear, without 
being appreciably indented, a wire one twenty-fourth inch in 
diameter loaded to weigh i pound. 

(10) Temile Stre^igtk— Briquettes made of neat cement 
shall develop tlie following tensile strengths per squai'e inch 
after having been kept in air for twenty-four hours under a 
wet cloth and the balance of the time in water: 

At the end of seven days, 90 pounds'; at the end of twentv- 
eight days, 200 pounds. 

Briquettes made of one part cement and one part standard 
sands by weight shall develop the following tensile stremrths 
per square inch: ^ 


After seven days, 60 pounds; after twentv-eight days iso 
pounds. o j y j 


(it) The highest result from each set of briquettes made 
at any one time is to be considered the governing test. Any 
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cement not showing an increase of strength in the twenty-eight 
day tests over the seven-day tests will J3e rejected. 

(12) The neat cement for briquettes shall be mixed with 
30 per cent of water by weight, and the sand and cement with 
17 per cent of water by weight. After being thoroughly mixed 
and worked for five minutes the cement or mortar is to be placed 
in the briquette mold in four equal layers, each of which is to 
be rammed and compressed by thirty blows of a soft brass or 
copper rammer three-fourths of an inch in diameter (or seven- 
tenths of an inch square with rounded corners), weighing i 
pound. It is to be allowed to drop on the mixture from a height 
of about a half an inch. Upon the completion of the ramming 
the surplus cement shall be struck off and the last layer 
smoothed with a trowel held nearly horizontal and drawn back 
with sufficient pressure to make its edge follow the surface of 
the mold. 

(13) The above are to be considered the minimum re¬ 
quirements. Unless a cement has been recently used on work 
under this office, bidders will deliver a sample barrel for test 
before the opening of the bids. Any cement showing by sam¬ 
ple, higher tests than those given must maintain the average so 
shown in subsequent deliveries. 

(14) A cement may be rejected which fails to meet 
any of the above requirements: An agent of the contractor 
may be present at the making of the tests, or, in case, of the 
failure of any of them, they may be repeated in his presence. 
If the contractor so desires, the engineer officer may, if he 
deems it to the interest of the United States, have any or all of 
the tests made or repeated at some recognized standard testing 
laboratory in the manner above specified. All expenses of such 
tests shall be paid by the contractor, and all such tests shall be 
made on samples furnished by the engineer officer from cement 
acutally delivered to him. 

SPECIFICATIONS FOR PUZZOLAN CEMENT. 

(i) The cement shall be a Pozzolan of uniform qualitv, 
finely and freshly ground, dry, and free from lumps, made by 
grinding together without subsequent calcination granulated 
blast-furnace slag with slaked lime. 

y (2) The cement shall be put in strong sound barrels well 
lined with paper, so as to be reasonably protected against mois¬ 
ture, or in stout cloth or canvas sacks. Each package shall be 
plainly labeled with the name of the brand and of the manu¬ 
facturer. Any package broken or containing damaged cement 
may be rejected, or accepted as a fractional package, at the 
option of the United States agent in local charge. 
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(3) Bidders will state the brand of cement which they 
propose to furnish. The right is reserved to reject a tender for 
any brand which has not given satisfaction in use under climatic 
or other conditions of exposure of at least equal severity to 
those of the work proposed, and for any brand from cement 
works that do not make and test the slag used in the cement. 

^ (4) Tenders will be received only from manufacturers or 
their authorized agents. 

(The following paragraph will be substituted for para¬ 
graphs 3 and 4 above when cement is to be furnished and 
placed by the contractor: 

No cement will be allowed to be used except established 
brands of high-grade Puzzolan cement which have been in suc¬ 
cessful use under similar climatic conditions to those of the 
proposed work and which come from cement works that make 
the slag used in the cement.) 

(5) The average weight per barrel shall not be less than 
33 ^ pounds net. Four sacks shall contain x barrel of cement. 
If the weight as determined by test weighings is found to be 
below 330^ pounds per liarrel, the cement may be rejected or, 
at the option of the engineer officer in charge, the contractor 
mav he required to siqiply, free of cost to the United States, an 
additional aniount of cement equal to the shortage. 

(6) tests may lie made of the fineness, specific gravity, 
soundness, ttme of setting, and tensile strength of the cement. 

( 7 ) I^Ynenessr--Ninety-sevcn per cent of the cement must 
pass through a sieve made of No. 40 wire, Stubb’s gauge, having 
10,000 openings per square incli. 

(8) sSpeciFic GravUy,~T\\t specific gravity of the cement 
a.s determined from a sample which has been carefully dried, 
sliall be l)i‘tween 2.7 and 2.8. 

(0) Soundness,—To test the soundness of cement, pats 
of neat cement mixeal for five minutes with 18 per cent of water 
l)y weiglu shall l)e made on glass, eacli pat about 3 inches in 
diameter and one jialf inch thick at tlie center, tapering thence 
to a thin (‘dge. The [)ats arc to be kept under wet cloths until 
finallv s(‘t, w'hen they are to he placed in fresli water. They 
.should not show distortion or cracks at the end of twenty-eight 
days. 

f rn) Tune of Tlie cement shall not acquire its 

initial in less tlian fortv-five minutes and shall acquire its 
final set in ten hours. The pals made to test the soundness 
inay be used in determining the time of setting. The cement 
is considered to liave accpiirefl its initial set when the pat will 
hear, wilhrnit being appreciably indented, a wire one-twelfth 
inrli in fliametcr lorulerl to one-fourth pound weight. The final 
set has lieen acquired wlien tlic pat will bear, without being 
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appreciably indented, a wire one twenty-fourth inch in diameter 
loaded to i pound weight. 

(11) Tensile strength .—Briquettes made of neat cement, 
after being kept in air under a wet cloth for twenty-four hours 
and the balance of the time in water, shall develop tensile 
strengths per square inch as follows: 

After seven days, 350 pounds; after twenty-eight days, 
500 pounds. 

* Briquettes rnade of one part cement and three parts stand¬ 
ard sand by weight shall develop tensile strength per square 
inch as follows: s f h 

After seven days, 140 pounds; after twenty-eight days, 
220 pounds. 

(12) The highest result from each set of briquettes made 
at any one time is to be considered the governing test. Any 
cement not showing an increase of strength in the twenty-eight- 
day tests over the seven-day tests will be rejected. 

(13) When making briquettes neat cement will be mixed 
with 18 per cent of water by weight, and sand and cement .with 
ip per cent of water by weight. After being thoroughly mixed 
and worked for five minutes the cement or mortar will be 
placed in the briquette mold in four equal layers and each 
•layer rammed and compressed by thirty blows of a soft brass or 
copper rammer, three-quarters of an inch in diameter or seven- 
tenths of an inch square, with rounded corners, weighing i 
pound. It IS to be allowed to drop on the mixture from a 
height of about half an inch. When the ramming has been 
completed the surplus cement shall be struck off and the final 
layer smoothed with a trowel held almost horizontal and drawn 
facVoItheSr''^ pressure to make its edge follow the sur- 

^ considered the minimum re- 

In*® deliver a sample barrel for test 

before the opening of bids. If this sample shows higher tLs 
ton those given above, the average of tests made fn subse¬ 
quent shipments must come up to those found with the sample. 

anv of^thA ’•ejected in case it fails to meet 

^y of the above requirements. An agent of the contractor 
may be present at the making of the tests, or, in case of the 

If thA^n^“^f them,, they may be repeated in his presence 

^°ntractor so desires the engineer officer in charp-e mav’ 

rf thf lif '"S United s“ t^ 

laboratorv m i-h repeated at some recognized testing 
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APPENDIX O. 

THE ENGINEER AS AN EXPERT WITNESS 
AND COUNSEL.* 

DEFINITIONS AND DISTINCTIONS. 

An Expert Witness is one who is allowed by the court to 
testify in a case by giving his opinions on hypothetical condi- 
tons, the basis of which has been established by other witnesses. 
To qualify as an expert witness one must be able to show such a 
knowledge of, and familiarity with, the subject, either theoreti- 
cal or practical or both, as will convince the court that he is 
competent to give to the court and jury material aid in arriving 
at a true solution of the problem in hand. An expert witness 
will riot be allowed to testify if, in the opinion of the court, the 
jury is competent to judge of the evidence and to draw from it 
correct conclusions. The peculiar function of the expert wit¬ 
ness, therefore, is to bring to bear upon the case on trial such 
scientific or technical knowledge as the average citizen does not 
possess, and whicli is necessary to a fair understanding of the 
significance of the facts which have been established by the tes¬ 
timony of other witnesses. The ordinary witness is not al¬ 
lowed to express opinions, his testimony being limited to what 
he claims to knozv, of his own knowledge. Similarly the expert 
witness must base his opinion of the proper meaning of the facts 
established, on his own knowledge of the subject, and not on 
second-hand information. The expert witness is expected to be 
without bias in the case, although he is usually called and paid 
by one of the parties to the suit. He acts as an interpreter of 
established facts, explaining their meaning to the jury, and tlie 
proper inferences to be drawn from them, just as a language 
interpreter may be introduced in a trial to explain the meaning 
of the language used by a witness wlio testifies in a foreign 
tongue. In fact tlie laws and the language of science, and a 
knowledge of^ the technical trades is as a foreign languag’c to 
the average citizen. lUit just as a language interpreter is ex¬ 
pected to truly, to tlic best of his ability, interjiret the language 
of a foreigner to the jury in a trial, siJ the jury has a riglit to 
expect a jierson to interpret the facts truly who has been intro¬ 
duced in a suit at law as an expert witness. And just as a lan¬ 
guage inter|)retcr would l)c einiiloyed by tlu' court, and his com- 
pensalioii made a jiart of the costs of the case, so the scientific 
or teclinical intei’iircter sliould lie similarly called and ptiul 
Unfoituiiately this is not the custom in hhiglisli siierdcing coun- 

also, clKipterh on this Mihject in the iir.st and third of Wait's works named in 
preface to ard edition. 
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tries fas it is in Germany and France), and hence the English 
“expert” is called and paid by one of the parties. Thus iisuallv 
necessitates the calling of othtr “experts” by the other side and 

we see the awkward spectacle of two sets of int^pretcrs ex 
plaining the meaning of the same set of facts in 
Much of this disagreement is natural and 
most honest-men, as witness the very common 
among the members of the same supreme bench, state or 
national, all being presumably equally competent, and all hav¬ 
ing heard identically the same testimony. Such disagreement 
is common also in all the affairs of life, between men who would 
appear to be equally competent to draw true conclusions trom 
the given evidence. In nearly all cases submitted to experts in 
law courts, there is considerable latitude for the exercise of the 
judgment, and one^s testimony is likely to be largely iiifluence»l 
by one’s previous experience in such matters. I he mere fact, 
therefore, that experts introduced on opposing sides in the trial 
of cases, should differ in their conclusions, is not necessarily an 
evidence of bias, or of incompetence, or of dishonesty. In fact 
they have come to the subject through consultation with the 
respective attorneys, and these have necessarily seen the prob** 
lem from opposite points of view. Very naturally, therefore, 
the experts Have been led to see the facts in different relations, 
and on the stand they may not easily free their minds from 
these preconceptions, however honestly they are (lisposcnl. 

An Expert Counsel is one who has scientific nr technical 
attainments in the field in question and who is calh‘d in aid 
the attorneys in the case with his specialized knowledge. Such 
a person stands towards his principal in the relation of an attor¬ 
ney, or advocate, the same as the legal counsel, and is of neces¬ 
sity a partisan. He is employed to make the mo.st possilde out 
of his employer’s case, and it is as legitimate a position for him 
to take as it' is for the lawyer. In luigland the greatest Civil 
Engineers have long acted in tliis cajiacity in parliamentary 
legislation, a kind of profe.^sional business almost unknown in 
the United States. 

A very large field for this sort of practice for is 

the growing one of patent litigation. I fere engincin's am! oflicr 
kinds of scientific and practical men heconit* a nrea's^itv to 
patent lawyers, who cannot he fully informed in all flic snlo’ccts 
which come before them. 

In general, an expert counsel should not In* fuil iip'in tlic 
witness stand in a court trial. He has dt/lilHTatilv 
the position of a partisan, and lie cannot affnrd to appear at 
once as an advocate and as a disintere.sted interpreter of as¬ 
sumed facts. If he undertakes the ta.‘-*k of an advocate, h«* 
should refrain from acting also as an unlnased interpvvtvr. 
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The Combined Expert Counsel and Witness. When the 
expert acts either as witness or as counsel, his duties are clear. 
It is when lie undertakes to combine the two functions that he 
gets into ti^ouble, and brings odium upon his profession. The 
problem is not free from inherent difficulties. The expert wit¬ 
ness must of necessity confer with his attorneys in advance in 
order to properly prepare himself for his duties, and he must 
also, in justice to liimself and to his attorneys, come to a clear 
understanding with them as to the conduct of the case. This 
often necessitates a considerable coaching of the attorneys by 
the expert witness, in order that they may come to understand 
the principles involved sufficiently to bring out the significant 
facts in the examination of the witnesses of fact, as well as in 
the examination of the expert witness who is a witness of opin¬ 
ion, based on the facts which have been developed. But this 
counseling with, and coaching of, the attorneys on one side of 
the case is pretty sure to develop the expert witness into a par¬ 
tisan hirnstdf, and lie goes upon the stand thorouglily biased 
towards the interest of his principal, wliich he has been uncon¬ 
sciously studying. 

Pn)l)a])ly the only wise solution of this complicated prob¬ 
lem, so long as the experts are employed by tlie princiiials, is for 
tlie exfiert to first thorouglily satisfy himself, if |)ossil)le, l:)y a 
study nf hntli sides of the case, on which side truth and justice 
lie, and then to accept service on that side, and do all lie can to 
win out. 'Fliis, howc'ver, it is-often impossil)le to clo. Tie 
woultl have to determine in advance the very cinestion wliich 
the sttit is intendcil to estalilish. Tlie whole probUaii is fraught 
with difficulties, and will continue to he, until the expert wit- 
ne^sch are appointed by tlie court and their comjiensatinn made 
a part fd* the (-nsts of thc^ suit. The [Kirlies coiihl still engage 
tlitdr eKp(‘rt c'(iuiisc‘ls, and tliese would lake and consistently 
hftid tiu* altitudt* nf advocates, and would not go on the witness 
slaial. t )ur whole trouble now arises from the expert being 
forced, in jioUice to himself, to liecuine l)oth a counselor and a 
witness, Iwct positions which are radically opposed to each 
other. 


KlCQUlSrrn QUArUFIOATIONS. 

11ie ex|)ert witness sets himself n|) as an instructor of 
jiidiM* ;uu\ jury upon the particular questions involved. A 
given i-asf* may recjuir(‘ the services of many kinds of exfierts. 
Anv pcT.snii may ht‘ considered an “expert” in tliose matters 
with which he has an intimate personal acquaintance, and vvhicli 
are outside* the range of the common knowledge of the average 
intcdligvnt citizen. Unis a Inmherman, however limited in Ins 
genti*al (‘dneation. may lie an expert concerning tlie dangers in- 
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volved in felling trees, hauling and rafting logs, and the like, 
this sort of knowledge not being common to the ordinary citizen 
who lives apart from such industries. Such a person would be 
allowed to express an opinion in court on a stated hypothetical 
case involving these matters, while the most highly trained Civil 
Engineer, without this practical knowledge, would probably not 
be able to qualify as an expert witness in such a case* He might 
reason that his theoretical scientific knowledge would enable him 
to form a reliable opinion in these matters, but probably no court 
would admit it. 

Unless one can feel great assurance that the ^^opinions^^ he 
zvill express have substantially the weight of *yacts/^ he should 
not offer himself as an expert witness, A feeling that his opin¬ 
ions are highly probable merely should not embolden him to 
offer them, except as mere probabilities. If his opinions have, 
in his mind, the weight of facts, he should be able to give good 
reasons therefor, and he should fully prepare himself to do so* 
He should not rely merely on theoretical considerations if it is 
possible to obtain demonstrated facts, and these facts should 
have come within the range of his own experience. 

RESPONSIBILITIES ASSUMED. 

An expert witness assumes very grave responsibilities. If 
he proves unworthy, either through incompetence, or evident 
bias, or confusion, or self-contradiction, or by being sliown by 
the opposing side to be clearly in the wrong, he not only brings 
chagrin and loss of reputation upon himself, but he fatally in¬ 
jures the causeiie has tried to help, and lie has brought rcqiroach 
upon his entire profession. Tt is not a very comfortable busi¬ 
ness at best, and unless one feels that he is clearly master of the 
situation he should not accept service in tin's capacity. 

EXPERT WITNESSES IN BAD OIKIR. 

No good lawyer will em|)loy an expert witness if he can 
avoid it. He more often employs expert counsel. lie well 
knows that courts and juries are always siis|iicioiis of tlu‘ sn- 
called '‘experts/' and are [jrejndiceci against tliem. hor this 
reason the expert witnes.s should spare no |)ains io secure tlie 
good opinion of botli court and jury from the mniutuit he 
takes the stand. He should assume and maintain a ('aim, judi¬ 
cial disinterested attitude; he should answer with gn*at dclil/cra- 
tion and caution; should not allow himself to get vxdlviljn’ an\^ 
fused; and he should never resent a provoking attitude and 
manner of the opposing counsel on the cross-examiiiatinn. His 
own counsel should protect liini from outrageous treafuHuit, Inif 
if he does not the witness may calmly appeal to the judge’ fiir 
such protection. The witness should not try to co!Ha*aI his 
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business relations to his principal, but take and hold with dig¬ 
nity the position of one who though engaged by one of the par¬ 
ties to the suit, is competent to assist the judge and jury to 
arrive at a just verdict in the case on trial, and he should indi¬ 
cate by his manner that this is what he is there for. His an¬ 
swers should be addressed to the jury, looking them in the face, 
and his explanations should be made to them as though he was 
instructing them and wished them to get a clear conception of 
his meaning. This always requires the use of common instead, 
of technical words, and he should judge by their countenances, 
if possible, whether or not they understand him. A competent 
expert witness becomes in this way part of the judicial force in 
the case, putting himself with the judge and jury, rather than 
with either of the parties to the suit. In this way both judge 
and jury are won over to see the problem from his point of 
view, and his evidence will have great weight in determining 
the case. 

THE OPPOSING EXPERTS. 

The expert witness must always anticipate meeting with 
experts on the other side of the case, and he should anticipate 
all that they are likely to testify to, and shape his testimony so 
as to meet these arguments. He may not be recalled to answer 
such opposing statements, although it is very common to put 
the expert witness on again in rebuttal, after he has heard the 
testimony of the opposing witnesses. If the experts on each 
side are both competent and honest they need not fear any ser¬ 
ious disagreement. 

DUTIES OF THE EXPERT WITNESS TO HIS PRINCIPAL. 

Since the expert witness is engaged by one of the parties, 
and is presumably well paid for his time, he can afford to fully 
prepare himself for his task, and this he should do the same as 
he would for any other professional service. He will not be 
allowed to use books or records on the stand, except ''to refresh 
his memory,'' and to express what he also knows of his own 
knowledge, though this knowledge (as of mathematics, etc,) 
may have been originally gained from books. He may, how¬ 
ever, take questions under advisement and agree to answer them 
at the next session. This privilege should be embraced when¬ 
ever the witness cannot answer off-hand or by a short compu¬ 
tation. Books may be used, also, for authority for the generally 
accepted truths of science, if the particular author is regarded 
as standard. They may be used also in support of what the 
witness claims to know by experience or practice. This, and 
all such questions, are however, for the court to determine and 
the particular circumstances would govern. Only memoranda 
taken by the witness himself, and at or near the time of the 
occurrence, can be introduced as evidence, or used to refresh 
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the memory, and then the witness must be ready to swear to 
the correctness of the record. Statements may not be read 
from books to the witness by his counsel for his approval or 
denial, but statements made by the witness on a former trial 
may be so read to him. 

The expert witness should reinforce his testimony with 
maps, charts, models, photographs, and the like if by so doing 
he can make more clear his views of the case. Photographs 
are often an invaluable aid in court trials. The camera tells 
no lies, and it is a cheap and perfect kind of evidence whenever 
it will serve a 'purpose. All such aids should have been made 
by the witness or under his direction, so that he can swear to 
their correctness. 

DUTIES OF AN EXPERT TO HIS ATTORNEY. 

The expert witness should see to it that his attorney obtains 
in advance a clear comprehension of his view of the case, so 
that he may bring out by proper questions the essential facts 
and opinions. This will often require considerable coaching of 
the attorney by the witness, even when he is trying to act as a 
purely disinterested party, and in a judicial capacity. 

DUTIES OF THE EXPERT WITNESS TO HIMSELF. 

In this business the expert witness owes his highest duty 
to himself and to his profession. Here is where he is most 
likely to fall short. He must try to see both sides of the case, 
and not to overstate the truth as he sees it, which is usually 
only another name for the highest probability. Neither should 
he state probabilities as absolute truths. Moderation of state¬ 
ment will usually have greater weight with both judge and 
jury than more absolute and dogmatic statements. What the 
jury finally arrive at is at best only a high probability, and this 
is all they are looking for. The witness’ duty to himself, there¬ 
fore, may be summed up in a thorough preparation for the 
case and in moderation of statement when on the stand. 

COMPENSATION. 

Because of the great responsibilities one assumes in becom¬ 
ing an expert witness he should be well paid. If he is com¬ 
petent to serve as an expert witness in a scientific way, his time 
IS valuable. 

All the time required in preparation should be charged up, 
in addition to the time spent on the trial. It is customary to 
charge a retaining fee, the size of which would be in proportion 
to the importance of the interests involved, and a per diem for 
all time spent on the case, and expenses for attendance at court, 
and for any diagrams, models, etc., which had been prepared. 
A definite agreement on these matters should be entered into in 
advance, and the retaining fee is commonly paid in advance. 
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STANDARD SPECIFICATIONS FOR STEEL AND 
WROUGHT IRON 

POSED BY THE AMERICAN SECTION OF THE INTERNATIONAL 
ASSOCIATION FOR TESTING MATERIALS. 

I. STRUCTURAL STEEL FOR BRIDGES AND SHIPS. 

PROCESS OF MANUFACTURE. 

Jel shall be made by the open-hearth process. 

CHEMICAL PROPERTIES. 

of the three closes of structural steel for bridges and ships shall con- 
roJlowiDg limits in chemical composition : 


Phosphorus shall not exceed 
Sulphur shall not exceed ...., 


Steel made by 
the acid process. 
Per cent. 


Steel made by 
the basic process. 
Per cent. 


PHYSICAL PROPERTIES. 


There shall be three classes of structural steel for bridfres and 

?swo*riph’™fS3j.ir 

4. Tensile Tests.— 


Rivet-steel. 


Tensfle strength, pounds per MeCi,™ Steel. 

TielI'?poTnV“S"poands--p;r 6^,000 62,000 to 63,000 60,000 to 70,000 

square inch, shall not he 

less than. . 1/2 T. S. 1/2 T S 

Elongation per cent in eight l/.. i, b. 

inches shall not be less 

than... Qg Qfr 

25 23 

the ^ ta eU™,; g/.?,!; 

(a) For each increase of one-eighth'inch f 1/8"'! in 

M W4"), . d.d„ion «. on. p., („) gli, „.d?r„‘£’.p‘dM S! 

Meitto ST bo""”d ' 

from the specified elongation. shall be made 

(c) I’or pins made from any of the three elawci of , 

shall be five per cent (5^) less than that s?ecifieTh SrS^l^No'^r'of 
on a test specimen, the centre of which shah be one ri"t fmf ti t determined 
6. TensHe Tests of Eyebars.-E^ars sLirho a- ® 
tests shall show ISi per cent elongation in fiftepo 

and the te nsile strength shall not be less than 65,000 pounds per squ^arJ iSch'^tyel 

•Thl.s append!;! reprinted from the anther’s «/ CcmiructUn. 


Medium Steel. 


50,000 to 60,000 62,000 to 63,000 60,000 to 70,000 


1/2 T. S. 


1/2 T. S. 


1/3 T. S. 
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bars shall be required to break in the body, but should an eyebar break in the head, 
and show twelve and one-half per cent (12J^) elongation in fifteen feet and the 
tensile strength specified, it shall not be cause for rejection, provided that not more 
than one-third (1/3) of the total number of eyebars tested break in the head. 

7. Bending Tests.—The three classes of structural steel for bridges and ships 
shall conform to the following bending tests ; and for this purpose the test specimen 
shall be one and one-half inches wide, if possible, and for all material three-fourths 
inch (3/4") or less in thickness the test specimen shall be of the same thickness as 
that of the finished material from which it is cut, but for material more than three- 
fourths inch (3/4") thick the bending-test specimen may be one-half inch (1/2") 
thick. 

Eivet-rounds shall be tested of full size as rolled. 

(d) Kivet-steel shall bend cold 180° flat on itself without fracture on the o’-'+'='- ' 
of the bent portion. 

(e) Soft steel shall bend cold 180° flat on itself without fracture on the o 
the bent portion. 

(/) Medium steel shall bend cold 180° around a diameter equal to the t 
of the specimen tested, without fracture on the outside of the bent portion. 

TEST PIECES AND METHODS OP TESTING. 

8. Test Specimen for Tensile Test.—The standard test specimen of eighi;-i. 

(8") gauged length, shall be used to determine the physical properties specified * 



Fig. C 38 .—Standabd Fobm op Tension-test Specimen. 


paragraphs No. 4 and 5. The standard shape of the test specimen for sheared plates 
shall be as shown in Fig. G38. 

LONG PORM OP STANDARD TENSION-TEST SPECIMEN. 

For Other material the test specimen may be the same as for sheared plates, or it 
may be planed or turned parallel throughout its entire length, and, in all cases 
where possible, two opposite sides of the test specimens shall be the rolled surfaces. 
Bivet-rounds and small rolled bars shall be tested of full size as rolled. 

9. Number of Tensile Tests.—One tensile-test specimen shall bo taken from the 
finished material of each melt; but in case this develops flaws, or breaks outside of 
the middle third of its gauged length, it may be discarded and another test speed- 
men substituted therefor. 

10. Test Specimens for Bending.—One test specimen for bending shall be taken 
from the finished material of each melt as it comes from the rolls, and for material 
three-fourths inch (3/4") and less in thickness this specimen shall have the natural 
rolled surface on two opposite sides. The bending-test specimen shall bo one and 
one-half inches (1^') wide, if possible, and for material* more than three-fourths 
inch (3/4") thick the bending-test specimen may be one-half inch (1/3") thick. 
The sheared edges of bending-test specimens may be milled or planed. 

(g) The bending test may be made by pressure or by blows. 

'1. Annealed Test Specimens,—Material which is to be used without anneafag 
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or further treatment shall be tested for tensile strength in the condition in which it 
comes from the rolls. Where it is impracticable to secure a test specimen from 
material which has been annealed or otherwise treated, a full-sized section of tensile- 
test specimen length shall be similarly treated before cutting the tensile-test speci¬ 
men therefrom. . X I 1 . 

12. Yield-point..—For the purpose of this specification, the yield-point shall be 
determined by the careful observation of the drop of the beam or halt in the gauge 

of the testing machine. ^ ^ , 

18. Sample for Chemical Analysis.—In order to determine if the material con¬ 
forms to the chemical limitations prescribed in paragraph I^To. 2 herein, analysis 
shall be made of drillings taken from a small test ingot. 

VARIATION IN WEIGHT. 

14. The variation in cross-section or weight of more than 2^ per cent from that 
specified will be sufficient cause for rejection, epept in the case of sheared plates, 
which will be covered by the following permissible variations: 

ill) Plates 124 pounds per square foot or heavier, up to 100 inches wide, when 
ordered to weight, shall not average more than 2|-per cent variation above or 2^ 
per cent below the theoretical weight. When 100 inches wide and over, 5 per cent 
above or 5 per cent below the theoretical weight. 

(^) Plates under 12^ pounds per square foot, when ordered to weight, shall not 
average a greater variation'than the following: 

Up to 75 inches wide, ^ per cent above or per cent below the theoretical 
weight 75 inches wide up to 100 inches wide, 5 per cent above or 3 per cent below 
the theoretical weight. When 100 inches wide and over, 10 per cent above or 3 per 
cent below the theoretical weight. 

^ * * * 

U) For all plates ordered to gauge there will he permitted an average excess of 
weight over that corresponding to the dimensions on the order equal in amount to 
that specified in the following table: 


TABLE OE ALLOWANCES FOR OVERWEIGHT FOR RECTANGULAR PLATES WHEN 

ORDERED TO GAUGE. 

Plates will be considered up to gauge if measuring not over 1/100 inch less than the 

ordered gauge. , . ^ ^ooo i 

The weight of 1 cubic inch of rolled steel is assumed to be 0.2833 pound. 

Plates i/4 inch and over in iliicTcness, 

Width of Plate. 


Thickness of Plate, 
Inch. 

a/4 

6/16 

3/8 

7/16 

1/2 

9/16 

5/8 

Over 5/8' 


Up to 75 inches. 
Per cent. 


75 to 100 inches. 
Per cent. 


Over 100 inches- 
Per cent. 


Plates under IJfy inch in thickness. 


Width of Plate. 


Thickness of Plate. 
Inch. 

1 /8 up to 5/32 
5/32 ‘‘ 3/16 
3/16 “ 1/4 


Up to 50 inches. 50 inches and above. 
Per cent. Per cent. 

10 15 

8 ^ m 

7 10 

FINISH. 


15. Finished material must be free from injurious seams, flaws or cracks, and 
have a workmanlike finish. 
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BRANDING. 

m. Eyotj UniKbed piece of steel shall be stamped with the melt number,, and 
steel for pins shall have the melt number stamped on the ends. Eivets and laoing- 
Rfeel, iiikI small pieces for pin-plates and stiffeners, may be shipped in bundles, 
securely wired together, with the melt number on a metal tag attached. 

INSPBOTION. 

17. The inspector representing the purchaser shall have all reasonable facilities 
liffordtHl to liim by tlm manufacturer to satisfy him that the finished material is 
fiirnijilicd in accordance with these specifications. All tests and inspections shall be 
matie at the place of manufacture, prior to shipment. 

H. STBtTOTURAIi STBEIi FOR BtriLDINaS. 

PROCISS OF MANUFACTURE. 

I. Bteid may Im made by eitlier the open-hearth or Bessemer process. 

CHEMICAL PROFEIITIES, 

3 . Kadi of ttii two cliwses of sfriictural steel for buildings shall not contain more 
tliaii Cl. 1 per cent of idiospliorus. 

PHY8ICAL I»EOPEETIEa. 

8. C'liyises..Thera shall Im two classes of structural steel for l)uildings, namely, 

RlfiT“»TlE'L and MEWtiM STEEL, wliicli shall conform to the following tiliysical 

c|iinlif Ics: 

4. Tiiiiile Tists.-. 

'Rivat-Hl«'«•!. MtHlIuin Steel. 

Teiiiilc*strength, p«»tnHls per wpmre inch. . 50,000 to 60,000 60,000 to 70,000 

Yhdil-poliii, in potiiitls per Hcpiare inch, shall not ha 

kwii thttiL.......... T, H. 1/3 T. B. 

percent, In clglit inches shiUl not bo less 
lliiin..... 26 22 

5. Modiicatioiii in Elongation for Thin and Thick Material—For niat<‘riai 
leafi timii llv»*-Hixtt*cnllm inch 15/16'^ anti more tluin three-fourtlis inch (6/4'') in thiek- 
iii%« tin* ftillowiiig inoditkmtioiis shall ha made in the re<}uir(‘m,entH for elongation : 

|ri| For j-arh increiiHa of on(M*ighth inch d/b") in Ihickmw above thrce-fourtlis 
inch bl/Tb a deiliiction of oim |H‘r c(*nt (p/) shall bo imuh^ fnim the Hpecillcd 
rloiigaf toll. 

Ft*r «’ach dt*croasc of (uio-sixtiamth inch (1/16") in thicknesH below fivt*- 
aiilciiifha inch to, 16") n d<‘du<UioM of two and onedialf piu* c(.’ui sliail bo 

itiinia from the Kpccdicd elongation. 

(ri For jfiim the retpiired elongation shall be five p(*r (‘(Uit h‘HH than that 
fipi‘ei!ie<i ill paragraph No, 4, a.s determined on a test spiadmcn tln^ centra of which 

i4iiail one inch 11") from the surface. 

II, Banding Testfi. Tin' two classes of structural stetd for bnildingH shall eon form 
to llie fellow HtiC bmiding tests; and for this purposi^ the test, spis'innm shall be one 
and oiicdialf intdie.H 11 V') wide, if |>os.sibIe, and f<»r all matmaal t hnas-fonrths inch 
pi Fb or Ic.'H in thickness the test specimen shall ha <4* tln^ samcs thicknCHS as that of 
the linndc'd material from wliiidi it is cut. but f»»r material more than thrt‘e-foui1hs 
inch fil 4' I I hick the Ifcuding test specimen may bo onc-half inch (I/2") thick: 

Ihul roiiiaLs shall b(^ testc^l of full sii^.a as rolled. 

iti) ilivf‘f“8fccl shall hand cold IHtF tint on itself without fracture on the ontflidc 

flic bell! portifm. 

fM Medium stcid shall bend cohl IHO^ around a diameter (Mjual to the thicknesH 
€if the tested, w'itliout fracture (Ui the outside of the bent portion. 

TEST PIEOEH AND METHODS OF TKSTINCi. 

Test Specimen for Tensile Test.—The standard test si>eciinen of eight-inch 
(I'/h ganged length shall be used to determine the physical properties siiecitied in 
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paragraphs Nos. 4 and 5. The standard shape of the sheared plates shall be as 
shown in 'Fig. 638. 

For other material the test specimen maybe the same as for sheared plates, or it 
maybe planed or turned parallel throughout its entire length,and in all cases where 
possible two opposite sides of the test specimen shall be the rolled surfaces. Kivet- 
rounds and small rolled bars shall be tested of full size as rolled. 

8 . Number of Tensile Tests.—One tensile-test specimen shall be taken from the 
finished material of each melt or blow, but in case this develops flaws, or breaks 
outside of the middle third of its gauged length, it may be discarded and another 
test specimen substituted'therefor. 

9. Test Specimen for Bending.—One test specimen for bending shall be taken from 
the finished material of each melt or blow as it comes from the rolls and for material 
three-fourths inch (3/4") and less in thickness this specimen shall have the natural 
rolled surface on two opposite sides. The bending-test specimen shall be one and 
one-half inches (1^') wide, if possible, and for material more than three-fourths 
inch (3/4") thick the bending-test specimen may be one-half inch (1/2") thick. 
The sheared edges of bending-test specimens may be milled or planed. 

Rivet-rounds shall be tested of full size as rolled. 

(/) The bending test may be made by pressure or by blows. 

10. Annealed-test Specimens.—Material which is to be used without annealing 
or further treatment shall be tested for tensile strength in the condition in which it 
comes from the rolls. Where it is impracticable to secure a test specimen from 
material which has been annealed or otherwise treated, a full-sized section of tensile- 
test specimen length shall be similarly treated before cutting the tensile-test 
specimen therefrom. 

11. Yield-point.—For the purposes of this specification the yield-point shall 
be determined by the careful observation of the drop of the beam or halt in the 
gauge of the testing machine. 

12 . Sample for Chemical Analysis.—In order to determine if the material 
conforms to the chemical limitations prescribed in paragraph No. 2 herein, analysis 
shall be made of drillings taken from a small test ingot. 

VARIATION IN WEIGHT. 

13. The variation in cross-section or weight of more than 2^ per cent from that 
specified will be sufficient cause for rejection, except in the case of sheared plates, 
w^hich will be covered by the following permissible variations : 

{g) Plates 12J pounds per square foot or heavier, up to 100 inches wide, when 
ordered to weight, shall not average more than 2^ per cent variation above or 2^ 
per cent below the theoretical weight. When 100 inches wide and over, 5 per cent 
above or 5 per cent below the theoretical weight. 

(h) Plates under 12-J pounds per square foot, when ordered to weight, shall not 
average a greater variation than the following: 

ITp to 75 inches wide, per cent above or 2^ per cent below the theoretical 
weight. 75 inches wide up to 100 inches wide, 5 per cent above or 3 per cent below 
the theoretical weight. When 100 inches wide and over, 10 per cent above or 3 per 
cent below the theoretical weight. 

(^) For all plates ordered to gauge, there will be permitted an average excess of 
weight over that corresponding to the dimensions on the order equal in amount to 
that specified in the table on p. 549 . 

FINISH. 

14. Finished material must be free from injurious seams, flaws or cracks, and 
have a workmanlike finish. 

BRANDING. 

15. Every finished piece of steel shall be stamped with the melt or blow number, 
except that small pieces may be shipped in bundles securely wired together with the 
melt or blow number on a metal tag attached. 
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TABI^R OF ALLt>WANOF8 FOR OVBRIWEIGHT FOR KECTANGUBAR PXiATES WHEN OBBERBP 

TO GAUGE. 

Plates will be up to gauge if measuring not over 1/100 incli less than the 

ordered gauge. 

Tiie weight of 1 cubic inch of rolled steel is assumed to be 0.2888 X)^'^Bnd. 


Platei 1/4 inch and over in thickness. 

Width of Plate. 


Thick n<*«)4 of Idatw, 

Up t<» 75 inches. 76 to 100 inches. 

Over 100 inches. 

Inch 

Per cent. 

Per cent. 

l*er cent. 

1/4 

10 

14 

18 

5/10 

8/8 

8 

12 

16 

7 

10 

IS 

7/10 

6 

8 

10 

1/2 

5 

7 

9 

9/10 

4i 

6i 

8i 

5/8 

4 

6 

8 

over 5/8 

8i 

Plnim under 1/4 inch 

5 

in thickness. 

61 



Width of Plate. 

Thick ncM-M of Piute, 

Up to 60 iuchei. 

60 inches and above. 

Ini’h. 

Per cent 

Per cent. 

1/8 up to 5/82 
5/82 “ 8/16 

10 

15 

8J 

m 

8/10 “ 1/4 

7 

10 


INSPECTION. 


16 . Tho iimpeefor representing the purchaser shall have all reasonable facilities 
alTordfd to him by tlui manufacturer to satisfy him that the finished material b; 
furiiiHlu'd in aoconlanc’e with these specitkmtions. All tests and inspections shall be 
iiiiiiii? Ill llui place of manufacture, prior to shipment. 

III. OI»BN»HBAHTH BOIBER-PBATB AND RIVBT-STEBL. 


PROCESS OF MANtrFACTUEE. 

i, ,Sir*rd sliiill l.>e made liy tlie open-hearth process. 

(‘HEMR’AL PROPERTIKS. 

’h 1'liere shall hr* IlifiHi idassf^s of open-hearth boiler-plate and rivet-steel ” 
naimdy : flanoi:* or jiomEK-sTKKi., fire-box steki., ami extra-soft steel, wlrich 
shall eoiiform to the following limits in chemical composition : 


Flnnfi:*'* or 
P<*r 


tn t 1 II . I ( b’fm 

fCjM Mllflil not I'XCCIMi . . j 


>.'i ploi!' lod! no! oEf’noil 
MJifooun . 


i)M 

o.nn to o.Bo 


Pit (’(‘lit. 

Acid, a01 
Husii*., 0.08 
0.01 

0.80 to 0.50 


Extra soft 
Hti'id. 
Por ci'iat, 


0.04 


0.04 

().:U) to 0.50 


Pidler rivet Steel. Steel for boilor rivetn sluill h(! of the extra-soft claas, 

'■p#^i-;jM'd in paragrapii.s Nos. 2 ami 4. 

prvhical properties. 

I. THiisile Ttuitn. l’h«‘three tdaHHCH of opmi-heart.h hoih^r-plati^ and rivet-Bteeb 
Oil- h'M il.^nor tir HuILKIl-H'rEKL, FIRE-BOX STEEL, aiul EX'l’RA-SOFT STEEL, shall COIi- 

; ! 3 u !•» I Of* pl-y.-mal i|iialitics : 

Flan^i* or 
Mulli'r Mti*»*l. 

1*0 Trli^ch, I'hHIIuIh piT 

iW'li .. 55.000 to 05,000 

pMilP. hi ]MT 

nooU' iiich, fdoill Ji<*t 1)0 
l.b; fLim. .... ....... ... 1/2T.S. 

KbiiiCH? '*»I 0 |*< r ‘’out ill eight* 


Fin* Im)X 
Strel. 


Fxl nvs< (fi¬ 
st 


52,000 to 02,01)0 45,000 to 55,000 


II 1,.* !** 


i f h t» in 


m 


1/2 T. S. 

m 


1/2 r. 8 . 
28 
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APPEUDIX. 


5. ModificationsmElongationforThin^dTh^M^ 

than fire-sixteenths inch (5/16") and more ' 

lowing modifications shall thrw'-f«urlh« 

^iS'For each decrease of one-sixteenth (Vio;’). in 

sixtUntbs iDch (5/16"), a deduction of two and one-balf UP) hlhul }m 

^^6^ Bei^in^ Tests.—The three classes of open-hearth boiler-plato ami rivet htcol 
shall coXTto the following tests, and for this pur{K >80 the test siKH-iimn. shall 
in? J^^ onX'ilf inches ari wide, if possible, and for all tnatenal three- 
fourths inch (3/4")*or less in thickness the test specimen shall l» of the siinio thick- 
uesras that of the finished material from which it is cut; hiit for matenal nmm 
fhan threi-fourths inch (3/4") thick, the bending-test spwnmen may bfi one-lmif 

inch (1/3") thick. . ^ . n i 

Rivet-rounds shall be tested of full size as rollw. i » i 

(c) Test specimens cut from the rolled materuil, w sixwiflwl almve. shall lie sub- 
ieoted to a cold-bending test, and also to a quenched-ltending tost he <‘ol‘i-tena- 
ing test shall be made on the material in the condition ui which it is to bn uai'd, anil 

prior to the quenched-bendmg test the specimen shall be heatwl to a light cherry- 
red, as seen in the dark and quenched in water, the tcrai*ratiinu.f which 1* iHdweei, 

80® and 90® Fahrenheit. , . , * , » # * #* 

(d) Flange-or boiler-steel, fire-box steel and rtvebiKwi, iMifti ariii iifttr 

quenching, shall bend cold one hundred and eighty dogroes tlSil I lliitori ifwif with, 
out fracture on the outside of the bent portion. , , , .. i . , 

7. Homogeneity Tests.—For fire4)0x steel a sampla fakiii fmrii n tiroki^ii leiwilt. 
test specimen shall not show anv single seam or cavity mort tliiiri ciiii»4oiirtli iiioli 
(l/4'O long in either of three fractures obtained on tho tm% for lintiiogeiwlty. m 
described below in paragraph 12. 


TESTS PIECES ANP MITHOPS i)¥ 

8. Test Specimen for Tensile Test.— Tho iitandiird fei^t fiprriiii»ii sif nglil inch 
(8"), gauged length, shall bo used to determine tho plipiriiI |iroprr!'.r»i n|.i*i*j|lr.l in 

paragraphs Nos. 4 and 5. Tlio standard shape of thfite*l^|wvifiioii f^r i,|,riirrd 
shall be as shown in Fig. 688. 

For other material the test specimen may ho tho wiriio m f»»r •! m* it 

may bo planed or turned parallel throughout ill eiiiiro Iriigfh. u’ld in all 

where possible tw(M)ppoaito sides of tho tost siwiirmiw iiliiill the rtiih-d hurtawn. 

Rivet-rounds and small rolled burs shall be tested of full ni/i* as r^4ir»|, 

9. Number of Tensile Tests.—Ono tonmie-test ipeeimni slm.I funnel,. 4 fiMoi 

each plate as it is rolled, and two ten8ile4ost 8|wimi»iis will b» furtiifdirrl fi an * affi 
melt of rivet-rounds, lu case any one of tliaso develups fluids > 0 * lar.ds uf 

the middle third of its gauged length, it may bo dweardod and p^u- 

men substituted therefor. 

10 . Test Specimens for Bending.— For miiferiiil lbr<'i*4M!irihN ii,« hi;; i , nr 

in thickness, the bending-test specimen shall have ilie niilural i«»h< 4 h i- te 
opposite sides, Tlie bending-test speeimens cut from platsliii,I !«■ su.o 4 
half inches (U") wide, and for material more than three-foiirtliH ite U thu k ti,*’ i * i.d- 
ing-test specimens may be one-lialf inch (1/2") tliiek. Tin* s)i« ar»'d . *.i I*, i •; • k: 
test specimens may ,b(3 milk'd or planed. Tho buKiing-tr^i f* r 

rounds shall bo of full size as rolled. The kniding bisi niii) b? iiutdi' h\ ivr>huir 
by blows. 

11. Number of Bending Tests.-- fhie eold-twmiing speeiiiP'ti and 

bending specimen will be furnished from each plate a« if w rolled Tw-* «»/4' !,4 

ing specimens and two quenched-bending spedmcris will b* fiiriiinlird If tin nii]i 
melt of rivet-rounds. The homogeneity tost for Uro-bix iloel »hiill b» iintib * 0 . *a.i! 
of the broken tensile specimens. 

12. Homogeneity Tests for Fire-box Steal.- The tiofm»griii*if j idv 

box steel is made as follows ; A portion of the broken feptcimen eiflif-r 
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^ inachine, transversely about a sixteenth of 
^1 J. I 1 ^ ^ about two inches (3") apart. The first groove 

^ m? * 11 made on one side, two inches (3") from the square end of the speci- 
nien ; the second, two inches (3 ) from it on the opposite side ; and the third, two 
inches (~ ) from tlio last and on tlie opposite side from it. The test specimen 
IS tlien pill in a vise, with the first groove about a quarter of an inch (1/4") above the 
juWH, cure being taken to h<dd it firmly. The projecting end of the test specimen is 
ben lin.ken olT liy means of a hammer, a number of light blows being used, and 
till* la-ndmg Mung away from the groove. The specimen is broken at the other two 
gnimes m tho same way. The object of this treatment is to open and render 
m ilifj tiyti any duo to failure to weld up, or to foreign interposed mat¬ 
ter, i>r eavitios duo to gaS'bubbles iu Uia ingot. After rupture one side of each 
I rail urn exiimined, a pockc^t lens being used if necessary, and the length of the 
mourns iiiid cavities js determined. 


LI* yi#M-pomt.~i'or the purpose of this specification the yield-point shall be 
didermtiied liy the careful observation of the drop of the beam or halt in the gauge 
of the testing machine. ® ® 

14* Sample for Chemical Analysis.—In order to determine if the material Con- 
foriiw to the elmmictal limitaticum prescribed in paragraph No. 2 herein, analysis 
iliall Im made of lirlllings taken froni a small test ingot. An additional check analy- 
iii may be miide from a tcuisile Hpecinien of each melt used on an order other tiiari 
ill loeomotlve fire-lmx steel. In the mm of locomotive fire»box steal a check analy- 
nii may be made from the laimile specimen from each plate as rolled. 


VAUtATlON IN WEKaiT. 

1ft. The viiriatimi in ercms-si^etion or weiglit of more than 2| par cent from that 
sripciifled will of wifilcient causa for rejection, except in the case of sheared 
I'llaieii, whicih will be covcretl !»y the following permissible variations: 

Cri Plates, 12i pounds per Mjuare foot or heavier, up to 100 inches wide, when 
«rib»rc«l to weight, slmll not average more tliari 21 per cant variation above or 21 
ficr eeiit Im4ow the tlieoretical wtsight. When 100 inches wide and over, 6 per cent 
jibiive or 5 per cent below i>r the theoretical weight. 

(/I Plutw uiiiii*r P2i poumlH per sipiare foot, when ordered to W'aight, sliall not 
average H greater variation than tln^ fidlowing : 

rpiti 7ft iiu'lias wale, 2| per emit abovtP'or 2i par cent below the tlieonaical 
weighl ; 7ft iindnis wide ini to p)0 inclies wide, 5 per cant above or n par m\t balow 
tin* fheoretieal weight. When 100 inches wide and <)V(‘r, 10 par emit aliova or l\ par 
<‘e|j! below the theoretical Weight, 

• * * e ♦ >¥■ ■ ,J|« sH: sf: 


For all plates orih*red to gauge there will lia permiUeMl an average axaius of 
Wfight ever fliaf etu-renpondiag to tlie tlimmmaum on the order (‘(|uul in ammint 

fhiil i*peeilleii m the following table: 

♦I Ain Is OF \NtiGh lani. niiW'ivioiiT foh itKOTANonnAH enATKH wmisn oanKHF.n 

TO OAi'on. 

Ih* ennM(lrr«'(i ii|» f.«» |.tHiige If meii.Haring not ov(^r l/KK) inch hwH iliaii tlie 
Tiic weii’hl uf 1 eiihie inch m 1 rolh'd hI«'<4 I.h aHHuna‘d to Ix'{>ouati. 


iHittiH //,./ inch and aver in thicknmft. 


'1 tff Fliitr. 

F|t to T5 iiu'hm. 

Width of Plane 

75 to Ida iiudicH. 

Ov<x* KM) hudH'H, 

liirh. 


Pit 

Per ct'nt . 

1 1 

10 

14 

18 

ft/ 1 

8 

12 

in 

a H 

7 

10 

1ft 

7/in 

6 

8 

-10 

1/2 

ft 

7 

9 

0 'in 

4J 



ft/H 

4 

6 

8 

ilvar ft/tt 


5 

H 
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Plates under 1/Jf. inch in tMchness, ' , 

Width of Plate. 

Thickness of Plate. tJp«to 50 inches. 50 inches and above. 

Inch. Percent: Percent. 

1/8 up to 5/32 10 15 

5/33 3/16 8^ 12J 

3/16 ‘^1/4 7 10 

FINISH. 

16. All finished material shall be free from injurious surface defects and lamina¬ 
tions, and must have a workmanlike finish. 

BEANHING. 

17. Every finished piece of steel shall be stamped with the melt number, and each 
plate, and the coupon or test specimen cut from it, shall be stamped with a separate 
-identifying mark or number. Bivet-steel may be shipped in bundles, securely wired 
together, with the melt number on a metal tag attached. 

INSPECTION. 

18. The inspector representing the purchaser shall have all reasonable facilities 
afforded to him by the manufacturer to satisfy him that the finished material is fur¬ 
nished in accordance with the specifications. All tests and inspections shall be 
made at the place of manufacture, prior to shipment. 


IV. STEBI, RAILS. 

PROCESS OP MANUFACTURE. 

1 . {a) Steel may be made by the Bessemer or open-hearth process. 

[b) The entire process of manufacture and testing shall be in accordance with 
the best standard current practice, and special care shall be taken to conform to the 
following instructions. 

[c) Ingots shall be kept in a vertical position in pit-heating furnaces. 

[d) No bled ingots shall be used. 

{e) Sufiicient material shall be discarded from the top of the ingots to insure 
sound rails. 

CHEMICAL PROPERTIES. 

3. Rails of the various weights per yard specified below shall conform to the 
following limits in chemical composition: 

50 to 59 60 to 69 -j- 70 to 79 -j- 80. to 89 -f- 

pounds. pounds. pounds. pounds 

Percent. Percent. Percent. Percent. 

Carbon... 0.35-0.45 0.88-0.48 0.40-0.50 0.43-0.53 

Phosphorus shall not exceed 0.10 0.10 0.10 O'.IO 

Silicon shall not exceed. 0.20 0.30 0.20 0 20 

Manganese. 0.70-1.00 0.70-1.00 0.75-1.05 0.80-L10 

PHYSICAL PROPERTIES. 

3. Drop Test. One drop test shall be made on a piece of rail not more than six 
feet long, selected from every fifth blow of steel. The rail shall be placed head 
upwards on the supports, and the various sections shall be subjected to the following 
impact tests: ® 

Height of Drop. 

Feet. 

.... 15 
.... 16 
.... 17 
.... 18 
.... 19 


Weight of Rail. 

Pounds per yard. 

45 to and including 55 


More than 55 ‘‘ 65, 

“ 65 “ 75, 

75 85. 

85 100. 


90 to 100 
pounds.. 
Per cent. 

0.45-0.55 

0.10 

0.20 

0.80-1.10 
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break when subjected to the drop test, two additional testa will be 
made of other rails from the same blow of steel; and if either of these latter tests 
fail, all the rails of the blow which they represent will be rejected; but if both of 
these aaciitional test pieces meet the requirements, all the rails of the blow which 
they represent will be accepted. If the rails from the tested blow shall be rejected 
for failure to meetthe requirements the drop test as above specified, two other 
rails will U subjected to the same tests, one from the blow next preceding, and 
one from the blow next succeeding the rejected blow. In case the first test 
taken from the preced^ing or succeeding blow shall fail, two additional tests shall be 
taken from the same blow of steel, the acceptance or rejection of which shall also 
above, and if the rails of the preceding or succeeding 
blow shall be rejected, similar tests may be taken from the previous or folio win r 
blows, as the case may be, until the entire group of five blows is tested, if necessary* 
Ihe acceptance or rejection of all the rails from any blow will depend upon the 
result of the tests thereof. 


TEST PIEOES AND METHODS OF TESTING. 

4. Drop-testing Machine.— The droji-test machine shall have a tup of two 
thousand (20000) pounds weight, the striking face of which shall have a radius of not 
more than five inches (5"), and the test rail shall bo placed head upwards on solid 

^part. The anvil-block shall w'eigh at least twenty thousand 
Iri pounds, and the supports shall be a part of, or firmly secured to, the anvil* 
ihe report of the drop test sliall state the atmospheric temperature at the time the 
tests were made. 

5. Sample for Chemical Analysis.— The manufacturer shall furnish the 
inspector, daily, wit h, oarlion determinations of each blow, and a complete chemical 
analysis every twenty-four hours representing the average of the other elements 
contained m the steel. These analyses shall bo made on drillings taken from a 
small test ingot* 

FINISH. 

6 Section.-Unless oflierwise specified, the section of rail shall be the American 
htandard, reeonmieiidcMl by the American Society of Civil KngineerH. and shall con- 
lorm, as accurately as possible, to the templet furnished by tlie railroad company 
etjnsKsumt, with paragraph No. 7, relative to specified weight, A variation in height 
<4 om? sixty*four! li of an inch (1/(M/U less and one thirty-second of an inch (l/t52'0 
greater tlian tlu^ Hp{‘cilied height will bo permitted, A perfect fit of the splice-bars, 
howcviu’, shall be maintained at all times, 

7. Weight.-The weight of tlio rails sliall bo maintained as nearly as possible 
after couiplying with paragraph No. G, to that specified in contract. A variation of 
oni*-ha,Ii of one ptu* cent (l/2:«b for an entire order will bo alloivod. Bails sball be 
accepti‘d and paid for attcording to actual W( 3 ights. 

8. Length. The standard length of rails shall bo thirty feet (UO'). Tim per c,ent 
(Uru el the entire onhu* will be accepted in shorter lengths, varying by even feet 
ilami to twenty-four f(‘ot (21'). A variation of one-fourth of an inch i\/V) in length 
from tliat specified will be allowed. 

fi. Drilling, (fircular boles for splice-bars shall be drilled in accordance with 
ihv, sp(‘«ufi(!ations of the purchaser. The liolcs shall accurately conform to tlie 
drawing^aiid ilinamHions furnished in every respect, and must lie free from burrs. 

1 a. Finish. Rails shall be straightened while cold, smoot h on head, sawod square 
.'It ends, and, prior to shipnamt, shall have the burr occasioned liy the saw mitting 
jvmovrd, and the ends made clean. Number 1 rails shall bo free from injurious 
dfdruu.s and Haws of all kinds. 

nUANDING. 

11. The name of tlio rnakc|% the month and the year of manufactnro, shall bo 
rollisl in raised letbu's on the side of the web, and the number of the lilow shall 
fitampod on each rail. 

nV.Sl>ECTION. 

12. The inspector re|)res(inting the piirehaser shall have all reasonable fa,ciliti(\s 
afforded to him by the manufacturer to satisfy him that the finished material is 
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furnished in accordance with these All imtM aiicl ia.spi»lloai iliall ^ 

made at the place of manufacture, prior to shipment. 

NO. S EAim 

13. Rails that possess any injurious physical dalwtei or wliicli tm any 
cause are not suitable for first-quality, or iiuin^r 1 niili»^ iliitll Im im 

number 2 rails, provided, however, that rails which eoiilititi any pliyj^inil 
which seriously impair their stren^gth shall be rtJiCtM. Tliu midu of nil *4 

rails shall be painted in order to distinguish them. 


V. STBBIi SFMOB^BABi. 

" PEOCESS OF MAHUFamiEI. 

1. Steel for splice-bars may be made by the or opem4tmHh |:irtic«, 

CHEMICAL PEOMinW. 


2 . Steel for splice-bars shall conform to the following limlla in elmmlml mmp^ 

sitiou : 


iVr 


Carbon sliall not exceed ........ .. Cl. i§ 

Phosphorus shall not exceed.... 0,1(| 

Manganese ...... IliH 1*1 §410 


PHYSIOAn FBOrEETim 

8 . Tensile Tests.—Splice-bar steal shall conform to lli« folbwiiif qual¬ 

ities : 


Tensile strength, pounds per sqtiaro Inch .... M.CMM lo il.iW 

' Yield-point, pounds per square Inch.., irijiil 

Elongation, per cent, in eight inches shall ncit Imi lew ihan *15 


4. Bending Tests.—fo) A test frcuii the lieful of fhe ^pliri’-Hiir ilifiH 

bend 180“ flat on itself without fracture 011 thc mitaidc of tin* Ikphi |i«irfi»rii 

( 6 ) If preferred the bending test may Immmdttori an tiii|iiiiiclir 4 «|iiirr Imr, wliifti, 
if necessary, shall be first flattened, and shall th©i.i Im bent |no« ilm *41 ii||f,||i 

fracture on the outside of the bcmt portion. 


TEST PIECES AND Mmirmi Uf 


6 . Test Specimen for Tensile Test.«^A tm f»f idglu inrht^n 1 % , 

length, cut from the head of the snlice-bar, sIjiiII Ij« iiiifil. I« thummtm pt4irr«I 
properties specified in paragraph No, 8 . * 

e. Number of Tensile TestE.^-^dJae ItmsilodcM ^iwimcri nimll b** f|,tf 

rolled splice-bars of each blow or melt, but in ihm 

outside of the middle third of its gauged Iciigili, it mm Im diw-ilrdrJ ^juiflirr 
test specimen substituted therefor. 


7. Test Specimen for Bending.^^-Oim tm vm fpmi t.-.id id it,, 

splice-bar shall be taken from a rolled bar of oaolj blow or iiodf ^ r ,f i-r. bi*. 

bending tost may bo made on an unpunclitMi Rplii-e.lmr, w bn-h, if j .. r.V.t ■. Jlf!.. 
flattened before testing. Tlie bwiding test imiv !«> nmd.- by i.r. snu... - i.-.’ K 

8 . Yield-point.—For the imrposes of tins siHinftoiiiu.n, Ib.-i'ri.i j.-.u .n.id't .. 

determined by the careful observation of the drop..f Ur. i.-am .‘.r l.ah m il.,- •„ 

of the testing rnachino. ^ 


9. Sample for^ Chemical^ Analysis.—In ordi*r t*#d»d«riiiitir if 
forms to the chemical limitations prescrilxHl in piinigmoh Xu 2 lirr* u 
be made of drillings taken from a small test ingiit. ® * 




splice-bars shall be smoothly roiled and trim tn tvmplH. 
besheared accurately to length and free from fins and crackrmid .kyl il rfr- It 
fit the rails for which they are intended. The pwncliiiitf mim ^ * 4 --**i 
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reject to the drawing and dimensions furnished. A 
muse'for ^ ^ specified will be sufficient 

BEANBING. 

11. The name of the maker and the year of manufacture shall be rolled in 

rawed leilers on the side of the splice-bar. 

INSPEOnON. 

inspector ropreseiiting the purchaser shall have all reasonab: 
tioi liiforded to him by the manufacturer, to satisfy him that the finished 
li iiiniiHiiptl sn ficcordafica with these specifications. All tests and inspectioii 
m iiiade at the place of manufacture, prior to shipment. 

VI. STEEL AXLES. 


PEOCESS OF MAN 0 FA.OTUEE. 

1. Staid for ailes shall be made by the open-hearth process. 


CHEMICAL PEOPKETIKS. 


^ 3. Thera will \m three tjiasses of steal axles which shall conform to the followin 

iiBiils ill ifhemical composition : 


Plnwjdionii slitll ruit 
Snl|»inir •* ** 

Nirkal - 


Ctir, #mprin«‘t**uok, 
and tisadar-truok 
Aa:W0. 

Per o«at. 


0.66 

0.06 


Driving-wheel , 
axles. 

(Oarlxjn stod.) 
IVr cent. 

0.06 

0.06 


Driving-wheel 
ax lei. 

(Nickel steal) 
I'ar cent. 

0,04 

0.04 

8.75 


PHYBICAr, lUlOI^KETIEH. 

B. Tenillt Testi,—For car, engine-truck, and tender»truck axles no iensile test 

iliiill be rwpilriKl. 

4. Till, itiitiiiiium qimlitio8 roquirod hi tho two elasRcs of (lrivin«-wheel 

iixmit nIihII to n« folloWH ; 

Driving wluiel Driviijg-wliaal 

ttxhw. axU^B, 

((7arl>on Htael.) (Niektd HChiI.) 


'rf*n>4slc Idr»’rigfh, pounds par srpmra inch. 80,000 80,000 

1 lald^jtoinf, ponndH per stpmrfi Inch... 40,000 00,000 

KJtnipiition, p«*r cant, in two Inches. IH 25 

C’lintriicfioii of area, per cent..... 45 


5. Drop TefitH.-iUie axle .selectoil from each nujlt, when testcHl lij lln^ drop 
u>nt doHonectl ui paragraph Ni». 0, shall stand the munhm’of blows at the height 
' per-iied m the following tahin wiilmut rupture and without exceeding, as the ntsult 


«'d the Hr.d blow, 
will be reje“'!f‘«i : 

the thdiection given. 

Any melt failing to 

meet tliesii re(|uirements 

Mf 

Mir le t’rtc I 

Numbrr « 

Ilrfglit of drop. 





IlU'hrH. 

4i 

5 

24 

HJ 

li 

5 

26 

Hi 

.4 

5 

28i 

Bi 

43 

5 

81 

8 

li 

5 

84 

H 

hii 

5 

48 

7 


o 40 7 

•n " 48 5,1 


II rarboii-Htael and iiirkel-Ht«‘el driving-wheel axhis sliall not Ix) Hul)jeet to the • 

abine «iri>p leaf. 

TEST eiKOEH AND MF.THDDS OF TESTING. 

T. Test Specimen for Tensile Tost.-.'riie standard turned test aiieeimcm, oiu*- 

liiilf hieh diameter ami two inches (8") gauged length, sliall lie used to deter* 
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mine the physical properties specified in paragraph No. 4. It is shown in the fol 
lowing sketch : 



Pia. 639.— Shobt Pobm of Stahpaeo Tmmmm-rmr Bwimmn, 


8. Number and Location of Tensile Sp 0 Cim®as.— For ilrlfiiig lixbi oiw lotifi* 
tudinal test specimen shall be cut from one axle of eac’li nmlt, Tlie refit re of tfiis 
test specimen shall be half-way between the wiitre and mtmh of fiie ailr, 

9. Drop Test Described.— The points of supfwrli on wliirti ilie ail« reiti ilurifig 

tests must he three feet apart from centre to ctiilns tlie liip niiwt wrifli liiS 
pounds; the anvil, which is supported on the spriiign, mini wngli ; 

it must be free to move in a vertical direction ; the aprln^ Wfniri wtiirl'i ii rwfii riiiiit 
be twelve in number, of the kind described on dramiiig, afi«i tlie rndiiiji iif ^ii|i|i«irii 
and of the striking face on the tup in the dirertion of llie iixii of I lie aib iiitiii, lit 
five inches (5")« When an axla is tested it miint mi platMul lii ftir iiiftrliiiie tliM 
the tup will strike it midway between the emK anti it iiiiiM lie iiirtiwl after 
the first and third blows, and, whan rajuired, nftrr III© fifiti blew. To mm^^urn liw 
deflection after the first blow, prepare a straight-edge nil l«*ng as ilir a tin, by r»dfi- 
forcing it on one side, equally at each end, so IImt it liinl *.ii iti« tlio 
reinforced parts will rest on tiie collars or ends of tim atli*, ami ibp Ijjiliiiirr i»f ifift 
straight-edge not touch the axle at any place. Next, phw’w ili« fixl« tn for 

test, lay the straight-edge on it, and measure ilio distancw fr«»ii4 1 bo i^!iiiiicli!»*'dgo pi 
the axle, at the middle point of the latter. Then, nficr tlnft llr«i lib.it, tim 

straight-edge on the now bent axle in the same iiiiiiiiier m Mtm\ im e**ire tliii 
distance from it to that side of the axle next to Ihe itralglif^ieIni ib#^ p.r far- 
thest away from the latter. The ditTarcnce fietweeii the two iiirastireftieiiH m flirt 
deflection. ■ The report of the drop test shall atiile the alii«|ilicrie at 

the time the tests were made. 

10. Yield-point.—The yield-point ipcc-ihcd in parfigriipli K*i I hr 

inined by the careful observation of the drop of the hnuu/m ball iii« of 
the testing machine. ' ' ' 

11. Snmple for Ohexnicnl Analyiis.—Turnings froin the *4 

driving axles, or drillings taken midway fhe mifri, m4 Min.oir ..f i-jr. 

engine, and tender-truck axles, or drillings fr.fiii im ingot if proffoird by 

the inspector, shall be used to determine whether the imilt la wiflon flie hiuiin of 
chemical composition specified in paragraph Ko. 2, 


FINISH. 


^ 12. Axles shall conform in sizes, shapes, and limiting weights to fbo miiurriitrtiili 
given on the order or print sent with it. They shall Iw fiiaili* iiiot m t 

workmanlike manner, and shall bo free from all iiijurbiw crurki, or fl.iwi, 

In^ centring, sixty- (60-) degree centres must he with clcaraiir# at the 
point to avoid dulling the shop-lathe centrm 
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BRANDING. 

n. Kadi axla Im k^gibly Etampad with the melt number and initials of the 
maker at tlie plaei** marked on the print or indicated by the inspector. 

INSFEOTION. 

14. TIib Iiiipector representing the purchaser shall hare all reasonable facilities 
iiffiirded to him by the manufacturer to satisfy him that the finished material is fur¬ 
nished in affcordance with these spacitieations. All tests and, inspections shall be 
made iit the pliujc of manufacture prior to shipment. 

vn. STBEIi TIRES. 

FROCEBS OF MANtJFAOTtTRE. 

1, Stet‘1 for tires may b© roiide by cither the open-hearth or the crucible process. 

CHEMICAL FR0PEETIE8. 

2. Ilicre will Im three classes of steel tires which shall conform to the following 


Iliiilii lit clmmical composition : 




PaMin^er 

Enirln#«. 

Freight Engine 
and Oar Waaek. 

Switching 

Engines. 


F«p Gent. 

‘Far Cant, 

Percent. 

Mttiiganp^ iltall not iiicced... 

0,80 

0.80 

0.80 

Silicoti ihall not be less than., 

0.20 

0.20 

0.20 

I’^litwplio'fUM shall not ciceiHi,., 

0.05 

0.05 

0.05 

Bulfihiir ihall not . 

0.05 

0.05 

0.05 


FHYSICAl. FROFERTIE8. 

S, Tensile Tests. Tim minimum physical qualities recjuirod in each of the three 
cliiMti of slctfd tires sliiill he as follows: 

Faw»»ni3rfr Fn^Ight Rvvitohinic 

KiiKint'H. aiid Oar Whaali. Kngiiiei. 

ilrenglli. poiimis per scniare inch.. 190,000 110,000 120,000 

Kloiigtticiii, imr ewii Iti two indu*H. ... 12 10 8 

4. Drop Teats.—In the event of the contract calling for a <lrop test, a test tire 
from eiieh melt will be furnished at the purchaser’s expense, providml it nusUs the 
tvuutr*uucnt'^. This te.st tire shall stiiiid the droj) test described in paragraph No. 7, 
ivnlemt !ireaking<?r cracking, and shall show a minimum deflection equal to 
/c 4 110 ?'^^ i 2/0, tljo letter /> Indng internal diameter and the letter T thick- 
licfii of lire at ciUitrti of tread. 

TEST FIECES AND METIIODB ON TEHTINO. 

b. Teat Specimen for Tomdlo Tests.** The standard turned teat specimen, one- 
Lali inch ti ^2' I dianii*ter and two ineh(‘H (2") gauged length, shall be used to dcder- 
loiiio file physical jirofMwtie.H Hpedfied in paragraph .No. U. It is shown in Fig. (L19, 

0. Location of Tensile Specixnens. -When the drop spacinum is specified, ihiB 
-1 f In rimcii .^hall hiu-ut cnld from the tested tire at the point least afTeetiuI by tho 
If the diametm* of the. tirin.H such that the whole circumferinice of the 
;.4 ,.»Tinii4y anVct«*d by tla^. drop t<‘8t, or if no drop test is r<‘(juir(id, the test 
II idadi he forged from a test ingot <»ast, \vhen pouring the malt, the t(\st ingot 
i^e.ovnjg, as nearly an po.K'^ible, t lie .same proportion of reduction as the ingots from 
ttloi'li the liriM are made, 

7 . DropTiit Described. 1‘he t<‘Ht tire sliall be placed vertically under the drop, 
in a ninniiig po.silion, on a solid foundation td at least ten toim in weiglit and sub- 
i^eied to ^ycaamive blows from a tup wiughing 2240 pounds, falling from increasing 
iirights until tiie re(|uired iletlcetion is obtained. 

h, Sample for Chemical Analysis. ■■■-Turning.s from the ttmsile specimen, or 
<irilliiigK from the small test ingot, or turnings from the tire, if preferred by the 
iimpeelMf, shall be used to determine whether the melt is within the limits of chemical 
comp<*; ;iion hpeiutied in panigrapli No. 2. 

FINISH. 

II. Ah fires hIiiiH !.m* free from cra<*ks, flaws, or other injnrimisimperfections, and 
uhnW in imeiiHioiis Hh,owu on drawumrs furnished by tho nurchaser. 






